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The  Cover 


The  photomicrographs  on  the  cover  depict  crystallites  of  the  common  vitamins  (from  left  to  right) 
Cholecalciferol  (Vitamin  D,).  Biotin  (Vitamin  H),  Niocin  (a  B<omplex  vitamin),  and  Ascorbic  Acid 
(Vitamin  C).  These  images  convey  the  beauty  and  excitement  of  science  and  demonstrate  the  synergy 
of  the  arts  and  science. 

Vital  Amines.  The  term  vitamin  derives  from  experiments  conducted  early  in  this  century  which 
indicated  that  proper  nutrition  was  dependent  upon  the  introduction  of  one  or  several  vital  nitrogen- 
containing  amines  into  the  diet.  Vitamins  are  organic  molecules  (not  necessarily  amines)  that  are 
essential  to  metabolism  in  all  living  organisms.  While  these  molecules  serve  essentially  the  same  role 
in  all  forms  of  life,  higher  organisms  have  lost  the  ability  to  sythesize  vitamins. 


The  Image 

Photomicrography.  The  images  on  the  cover  were  prepared  using  the  technique  of  photomicrog¬ 
raphy  by  Michael  W.  Davidson,  a  research  scientist  in  charge  of  the  optical  and  scanning  probe 
microscopy  facilities  at  the  National  High  Magnetic  Field  Laboratory  (NHFML)  at  Florida  State 
University  in  Tallahassee.  Davidson  has  won  over  30  awards  in  scientific  and  industrial  photography 
competitions.  His  research  interests  include  liquid  crystalline  biological  systems,  the  packaging  of 
DNA  in  virus  heads,  and  the  interaction  of  drug  molecules  with  DNA. 

The  National  High  Magnetic  Field  Laboratory  represents  a  model  partnership  for  the  future.  This 
federal-state-industry  cooperarative  enterprise  holds  the  potential  for  broadening  opportunities  for 
research  and  education.  NHMFL  is  operated  by  a  consortium  which  includes  Florida  State  Univerlty, 
the  University  of  Florida,  and  Los  Alamos  National  Laboratory.  It  is  funded  primarily  by  the  State  of 
Florida  and  the  National  Science  Foundation. 

Recent  developments  in  the  material  sciences  have  led  to  an  enhanced  interest  in  the  expanding 
field  of  photomicrography.  For  example,  the  technique  has  become  indispensable  to  the  semiconduc¬ 
tor  industry  for  characterizing  manufacturing  defects  and  monitoring  the  successive  stages  of  integrat¬ 
ed  circuit  fabrication. 

Photomicrography  captures  the  images  seen  in  the  microscope  onto  photographic  film  to  obtain  “hard 
copy"  for  research  records.  In  a  classroom  environment,  classical  photography  assignments  can  be  cou¬ 
pled  with  science  microscopy  studies  to  provide  a  multidicsiplinary  program  in  photomicrography. 

To  “read  more  about  it”  and  learn  about  ways  to  introduce  photomicrography  at  the  high  school 
level,  see  Michael  W.  Davidson,  “An  Introduction  to  Photomicrography,”  Photomicrography, 
September  1991;  “Some  Artistic  Techniques  in  Photography,” /owrwo/  of  Biological  Photography, 
October  1991;  and  “Moon  Rocks  Under  the  Microscope,”  Microscopy  and  Analysis,  July  1993. 
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Letter  of  Transmittal 


L 


NATIONAL  SCIENCE  BOARD 


4201  Wilson  Boulevard 
ARLINGTON,  VIRGINIA  22230 


My  Dear  Mr.  President: 


December  8, 1993 


It  is  my  honor  to  transmit  to  you,  and  through  you  to  the  Congress,  the  eleventh  in  the 
series  of  biennial  Science  Indicators  reports — Science  and  Engineering  Indicators — 1993. 
The  National  Science  Board  is  submitting  this  report  in  accordance  with  Sec.  4  (j)  (1)  of 
the  National  Science  Foundation  Act  of  1950,  as  amended. 

The  Science  and  Engineering  Indicators  report  provides  policymakers  in  both  the  pub¬ 
lic  and  private  sectors  with  a  broad  base  of  quantitative  information  about  U.S.  science 
and  engineering  research  and  education  and  U.S.  technology  in  a  global  context.  The 
data  and  analysis  in  this  report  are  especially  relevant  to  our  Nation  during  these  first 
years  of  the  Post-Cold  War  era. 

Science  and  technology,  including  basic  research,  are  key  factors  in  meeting  our 
strategic  goals  of  improved  international  competitiveness  and  enhanced  health  and  eco¬ 
nomic  and  social  well-being.  The  Science  and  Engineering  Indicators  report  series  con¬ 
tributes  to  a  better  understanding  of  the  science  and  technology  enterprise  and  wall  be 
helpful  as  together  we  define  and  assess  priorities  and  accomplishments. 

Mr.  President,  the  National  Science  Board  is  proud  to  note  that  the  Science  and 
Engineering  Indicators  report  is  internationally  renowned  and  has  become  a  model  for 
other  countries.  1  join  my  colleagues  on  the  National  Science  Board  in  expressing  the 
hope  that  you,  your  Administration  and  the  Congress  will  find  this  report  useful  as 
you  set  priorities,  make  decisions  on  investments  and  seek  solutions  to  our  national 
problems. 


Chairman 


The  Honorable 

The  President  of  the  United  States 
The  White  House 
Washington,  DC  20500 
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Introduction 


An  Historical  Perspective 

It  has  been  more  than  20  years  since  the  National 
Science  Board  (NSB)  issued  the  first  edition  of  what  has 
since  become  the  biennial  Science  &  Engineering 
Indicators  report.  Consistent  with  its  congressional  man¬ 
date  to  be  concerned  with  the  state  of  science  and  engi¬ 
neering  in  the  United  States,  the  Board  made  an  early, 
explicit  decision  to  work  with  other  federal  agencies  to 
develop  output  indicators  and  input  indicators  to  help 
describe  major  scientific  advances  and  technological 
achievements,  as  well  as  gauge  the  contribution  of  sci¬ 
ence  and  technology  both  to  specific  national  goals  and 
the  broad  national  welfare. 

In  preparing  the  1993  report,  the  NSB  Subcommittee 
on  Science  and  Engineering  Indicators  reviewed  the  his¬ 
tory  and  original  goals  of  the  NSB  in  developing  an 
Indicators  effort.  On  May  19,  1976,  Roger  Heyns, 
Chairman  of  the  NSB’s  Science  Indicators  Committee, 
was  invited  to  testify  at  hearings  before  the  He  use  of 
Representatives’  Subcommittee  on  Domestic  and 
International  Scientific  Planning.  At  this  hearing,  Heyns 
outlined  some  of  the  main  purposes  and  functions  of  the 
reports: 

♦  to  detect  and  monitor  significant  developments  and 
trends  in  the  scientific  enterprise,  including  interna¬ 
tional  comparisons; 

♦  to  evaluate  their  implications  for  the  present  and 
future  health  of  science; 

♦  to  provide  the  continuing  and  comprehensive 
appraisal  of  U.S.  science; 

♦  to  establish  a  new  mechanism  for  guiding  the 
Nation’s  science  policy; 

♦  to  encourage  quantification  of  the  common  dimen¬ 
sions  of  science  policy,  leading  to  improvements  in 
research  and  development  policy-setting  within  fed¬ 
eral  agencies  and  other  organizations;  and 

♦  to  stimulate  social  scientists’  interest  in  the  method¬ 
ology  of  science  indicators  as  well  as  their  interest 
in  this  important  area  of  public  policy. 

Over  the  years,  the  Science  &  Engineering  Indicators 
reports  have  evolved,  expanding  their  coverage,  and 
refining  and  improving  the  methodologies,  presentations, 
and  analyses  of  the  indicators.  The  NSB  Subcommittee 
reviewed  the  original  objectives  established  20  years  ago; 
it  noted  that  they  have  been  met  and  are  still  valid. 
Indeed,  the  first  objective  (international  comparisons)  is 
perhaps  even  more  important  today  than  it  was  in  1972. 
In  reco  ion  of  this,  one  of  the  major  enhancements,  of 
the  Science  &  Engineering  Indicators — 1993  report  is  an 
expanded  coverage  of  international  comparisons. 


Audiences 

In  developing  the  Science  &  Engineering  Indicators 
reports,  the  Board  is  aware  of  their  value  and  use  as  ref¬ 
erence  documents  as  well  as  policy  documents.  The 
reports  now  serve  the  needs  of  a  very  wide  audience 
including  decisionmakers  from  government  (in  particu¬ 
lar  the  congressional  and  executive  branches),  the 
industrial  and  academic  sectors,  nonprofit  organizations, 
and  professional  societies.  One  of  the  continuing  objec¬ 
tives  of  the  Board  is  to  be  relevant  to  this  broad  audience 
in  the  United  States,  as  well  as  abroad,  who  have  come 
to  rely  on  comprehensive  and  objective  indicators  to 
assist  them  in  their  responsibilities. 

The  NSB  Subcommittee,  before  preparing  this  report, 
contacted  a  variety  of  users  to  determine  policymakers’ 
needs  and  views  about  Science  &  Engineering  Indicators. 
Their  response  was  overwhelmingly  positive.  Several 
important  topics  were  suggested,  and  many  of  these 
ideas  were  incorporated  in  Science  &  Engineering 
Indicators — 1993. 

Coverage  of  Indicators 

The  coverage  of  several  important  topics  or  themes 
have  remained  constant  over  the  years,  regardless  of 
chapter  configuration.  As  stated  earlier,  international 
comparisons  were  an  initial  goal  of  the  report  and  have 
been  greatly  enhanced  in  the  1993  report.  The  National 
Science  Board  and  the  National  Science  Foundation,  in 
cooperation  with  the  Organisation  for  Economic  Co¬ 
operation  and  Development  (OECD),  have  taken  a  lead¬ 
ership  role  in  developing  science  indicators-type  reports 
and  quantitative  information  on  science  and  technology 
as  a  basis  for  policymaking  and  as  a  tool  for  research  and 
assessment  on  a  worldwide  basis. 

The  success  of  providing  valid  and  comparable  data 
depends  on  the  active  participation  and  cooperation  of 
nations  who  now  are  engaged  in  developing  their  own 
national  science  and  engineering  indicators.  Among  the 
OECD  member  countries,  Australia.  Canada.  France, 
Germany,  Italy,  Japan,  the  Netherlands,  and  the  United 
Kingdom,  to  name  a  few,  are  engaged  in  national  indica¬ 
tors  activities.  The  Commission  of  the  European  Com¬ 
munities  is  establishing  its  own  science  and  engineering 
indicators  program.  Over  the  past  year.  National 
Science  Foundation  staff  have  worked  with  a  number  of 
other  countries  such  as  Brazil,  India,  Indonesia,  and 
Mexico  as  they  also  have  begun  or  expanded  their  own 
science  and  engineering  indicators  efforts.  Additionally, 
the  National  Science  Foundation  is  working  in  partner¬ 
ship  with  the  OECD  to  assist  “economies  in  transition,” 
such  as  Russia  and  Central  European  countries,  to 
establish  comparable  science  and  technology  indicator 
systems.  The  National  Science  Foundation  continues 
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Introduction 


its  cooperation  in  science  indicators  activities  with  the 
Pacific  Economic  Cooperation  Council  (PECO  and 
Asian  countries. 

The  quantification  of  tlie  outputs  and  impacts  of  sci¬ 
ence  and  technology  was  an  original  goal.  Science 
Indicator  1972  contained  some  measures  of  scientific 
publications  and  citations  by  fields  and  countries.  The 
National  Science  Foundation  took  an  early  lead  in  devel¬ 
oping  the  field  of  bibiliometrics;  these  indicators  have 
been  greatly  refined  and  expanded  and  improved  over 
the  years.  Once  thought  new  and  experimental,  they  are 
now  accepted  the  world  over  as  important  output  indica¬ 
tors.  A  variety  of  patent  indicators  have  been  used  and 
improved  as  another  measure  of  inventiveness  and  out¬ 
put  from  R&D,  particularly  with  regard  to  the  industrial 
sector.  These  indicators  are  now  being  considered  as 
important  metrics  in  broad  performance  assessments. 

Assessments  of  what  was  called  “Public  Opinion  of 
Science”  in  the  1972  report  have  been  a  another  continu¬ 
ing  feati're  of  the  Science  &  Engineering  Indicator  series. 
Evaluating,  quantitatively,  the  complex,  but  all-important 
public  attitudes  toward  and  understanding  of  science 
and  technology  in  a  manner  that  accurately  portrays 
those  attitudes  and  changes  over  time  has  led  to  the 
development  and  evaluation  of  ever  more  comprehen¬ 
sive  and  refined  public  attitude  survey  instruments.  The 
National  Science  Foundation  has  worked  with  the 
Commission  of  the  European  Communities,  Japan,  and  a 
number  of  other  countries  to  increase  the  comparability 
and  coverage  of  survey  questions,  including  questions  on 
environmental  topics  and  issues.  The  National  Institutes 
of  Health  joined  the  National  Science  Foundation  in  thi' 
endeavor,  supporting  the  development  of  a  whole  set  of 
new  indicators  related  to  the  measurement  of  public 
understanding  of  biomedical  and  behavioral  science  con¬ 
cepts  and  scientific  reasoning.  This  report  encompasses 
expanded  coverage  of  public  attitudes  and  understand¬ 
ing  in  terms  of  international  comparisons  and  increased 
subject  matter. 

Among  the  more  visible  and  significant  trends  to 
which  Science  &  Engineering  Indicators  must  respond  is 
the  globalization  of  science  and  technology.  The  impor¬ 
tance  of  international  comparisons  and  international  col¬ 
laboration  in  developing  indicators  data  has  already 
been  stressed.  This  report  includes  data  on  trends  in 


international  collaboration.  In  vip\>.  of  the  importance  of 
regional  cooperation,  the  report  also  presents  regional 
data  for  Europe,  Asia,  and  North  America,  for  example. 

In  the  field  of  education  indicators,'  this  report 
includes  informt  iion  on  global  human  resource  develop¬ 
ment  in  science  and  engineering.  Special  attention  also 
has  been  paid  to  education  and  employment  in  science 
and  engineering  of  women  and  minorities. 

An  effort  was  made  in  the  Science  &  Engineering 
Indicators — 1993  report  to  provide  information  on  a 
number  of  topics  or  developments  thought  to  be  of  inter¬ 
est  to  policymakers  such  as  the  changes  in  defense  R&D 
and  the  effects  of  defense  conversion  on  R&D  expendi¬ 
tures  and  science  and  engineering  employment  patterns. 
Additionally,  new  information  is  provided  on  internation¬ 
al  and  domestic  cooperation  and  partnerships  in  science 
and  engineering.  Some  information  is  also  presented  on 
the  immigration  of  scientists  and  engineers  from  Russia. 
A  discussion  is  included  on  the  future  national  competi¬ 
tiveness  in  high-technology  industries  for  eight  Asian 
countries. 

Universities  have  increased  their  role  in  the  perfor¬ 
mance  of  the  Nation's  R&D.  However,  concern  is  cur¬ 
rently  being  expressed  about  changes  and  pressures  on 
U.S.  research  universities.  Because  of  its  importance,  a 
separate  chapter  is  devoted  to  academic  research. 

U.S.  science  and  engineering,  and  the  technologies 
that  emerge  from  related  research  and  development  and 
innovation  in  the  private  and  public  sectors,  are  widely 
recognized  for  their  contributions  to  the  Nation's  eco¬ 
nomic  growth.  Therefore,  a  chapter  on  technology  devel¬ 
opment  and  competitiveness  is  included. 

From  the  outset,  the  vision  of  the  National  science 
Board  has  been  to  provide  a  continuing  and  comprehen¬ 
sive  appraisal  of  U.S.  science  and  engineering.  The 
Science  &  Engineering  Indicators — 1993  report  continues 
this  excellent  tradition. 


'This  report  contains  chapters  on  precollege  science  and  mathemat¬ 
ics  education  and  higher  education  in  science  and  engineering.  For 
further  information  on  these  topics,  see  Jivision  of  Research. 
Evaluation  and  Dissemination.  1993.  Indicators  of  Science  and 
Mathematics  Education  1992.  NSF  93-9.5.  Washington  DC:  National 
Science  Foundation. 
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Science  and  Technology:  Changes  and  Challenges 


“This  country  must  sustain 
world  leadership  in  science, 
mathematics,  and  engineering 
if  we  are  to  meet  the 
challenges  of  today . . .  and 
of  tomorrow.  ” 

President  Wii.liam  J.  Clinton 
November  23, 1993 


The  U.s.  science  and  technology  (s&T)  enterprise  is  key  to  our  future. 

It  is  vital  to  our  Nation’s  economic  growth  and  productivity  and 
makes  invaluable  contributions  to  our  personal  health  and  well-being. 
Against  the  backdrop  of  new  political  realities — the  end  of  the  Cold  War, 
the  collapse  of  the  former  Soviet  Union,  and  the  resultant  and  concomitant 
changes  in  defense  requirements — national  investment  in  research  and 
development  (R&D)  and  education  and  training  is  particularly  significant. 

Further,  the  increased  globalization  of  national  economies  under¬ 
scores  the  need  to  analyze  and  understand  current  trends  in  both  coop¬ 
eration  and  competition  in  science  and  technology.  Many  nations  have 
increased  their  scientific  and  technological  capabilities,  resulting  in 
growing  economic  competition  from  abroad  in  technological  products 
and  services.  Growing  S&T  investments  in  newly  industrialized  econ¬ 
omies  and  the  development  of  new  regional  blocks  such  as  Europe, 
North  America,  and  the  Pacific  Rim  call  for  increased  attention  by 
policymakers  to  enhanced  opportunities  for — and  challenges  to — scien¬ 
tific  and  economic  interaction. 

This  report  describes  U.s.  science,  engineering,  and  technology 
trends  in  a  global  context,  and  provides  insights  on  how  investments 
and  priorities  are  changing  over  time.  s&T  human  resources,  in  all  their 
diversity,  are  essential  to  our  economy  and  national  security.  Therefore, 
information  on  the  science  and  engineering  (s&E)  pipeline — precollege 
education,  higher  education,  and  the  s&E  workforce — is  presented.  In  a 
democracy  such  as  our  own,  public  attitudes  and  public  understanding 
are  of  major  importance  and  have  an  impact  on  decisions  in  both  the  pri¬ 
vate  and  public  sectors.  Therefore,  the  report  presents  information  on 
science  and  technology  in  a  societal  context. 

This  overview  section  highlights  some  of  the  cross-cutting  themes 
and  findings  detailed  in  the  remainder  of  this  report. 

U.S.  scientific  and  technicai  capabiiities  should  be  viewed  in  a 
global  context. 

♦  The  United  States  still  leads  all  other  countries  in  the  amount  of 
total  R&D  investments,  but  other  countries  have  increased  their 
R&D  capabilities  and  are  either  closing  the  gap  with  or  leading  the 
United  States  for  some  indicators. 

♦  Total  U.S.  expenditures  on  R&D  reached  an  estimated  $161  billion 
in  1993,  or  2.6  percent  of  the  gross  domestic  product  (GDP).  In 
1991,  the  R&D/gdp  ratio  in  Germany  was  also  2.6  percent  (2.8  for 
the  former  West  Germany  alone),  and  the  ratio  for  Japan  was  3.0 
percent. 
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♦  Continued  slow  growth  is  expected  for  the  Nation’s  R&D  invest¬ 
ment;  since  the  late  1980s,  there  has  been  a  worldwide  slowing  in 
R&D  funding  growth. 

♦  The  United  States  spent  11  percent  more  on  R&D  than  Japan,  the 
former  West  Germany,  and  France  combined  in  1991,  but  these 
three  countries  spent  17  percent  more  on  nondefense  R&D  than  did 
the  United  States.  Only  in  Japan,  however,  has  nondefense  R&D 
grown  faster  than  in  the  United  States  since  the  early  1980s. 

♦  The  nondefense  r&d/gdp  ratio  in  the  United  States  is  less  than  or 
equal  to  many  other  industrialized  countries.  In  1991,  the  u.s.  ratio 
was  only  1.9  percent,  which  is  equal  to  that  of  France,  but  less  than 
the  3.0  percent  ratio  in  Japan  or  the  2.7  percent  in  the  former  West 
Germany. 

♦  The  United  States  continues  to  lead  the  industrialized  world  in  the 
performance  of  industrial  R&D,  but  over  the  past  two  decades,  the 
U.S.  share  of  industrial  R&D  performed  by  the  Organisation  for 
Economic  Co-operation  and  Development  countries  has  fallen. 
Despite  this  decline,  the  United  States  remains  the  leading  per¬ 
former  of  industrial  R&D  by  a  wide  margin,  even  surpassing  the 
combined  R&D  of  the  12-nation  European  Community. 

♦  Twice  as  many  scientists  and  engineers  are  engaged  in  R&D  in  the 
United  States  as  in  Japan;  however  the  United  States  and  Japan 
now  have  similar  proportions  of  such  researchers  in  their  respec¬ 
tive  workforces. 

♦  The  United  States  has  high  participation  rates  in  university  educa¬ 
tion.  However,  Canada  and  some  Central  European  and  Asian 
countries  have  higher  participation  rates  in  natural  science  and 
engineering  (NS&E)  degrees  by  their  college-age  populations  than 
does  the  United  States. 

♦  In  1990,  she  Asian  countries  produced  more  than  one-half  million 
NS&E  bachelors  degrees,  slightly  more  than  the  number  of  NS&E 
degrees  produced  in  Europe  and  North  America  combined. 

♦  The  U.S.  share  of  the  world’s  influential  scientific  publications  far 
exceeds  that  of  any  other  country.  Scientists  and  engineers  in  the 
United  States,  the  European  Community,  and  Japan  produce  about 
two-thirds  of  the  world’s  premier  scientific  literature. 


“It  is  essential  to  recognize  that 
technical  advances  depend  on  basic 
research  in  science,  mathematics, 
and  engineering.  Scientific  advances 
are  the  wellspring  of  the  technical 
innovations  whose  benefits  are  seen 
in  economic  growth,  improved  health 
care  and  many  other  areas. 

The  Federal  Government  has  invested 
heavily  in  basic  research  since  the 
Second  World  War  and  this  support 
has  paid  enormous  dividends. 

Our  research  universities  are  the 
best  in  the  world;  our  national 
laboratories  and  the  research  facilities 
they  house  attract  scientists  and 
engineers  from  around  the  globe.  ” 

President  William  J.  Cunton  and 
Vice  President  Albert  Gore,  Jr. 
Technology  fi>r  America’s 
Economic  Growth, 

New  Directions  to  Build 
Economic  Strength 
February  22, 1993 
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The  s&T  enterprise  is  increasingiy  globai  in  nature,  and  interna¬ 
tional  interaction  is  increasing. 

♦  The  internationalization  of  industrial  R&D  is  intensifying.  From 

1980  to  1991,  li.s.  firms  generally  increased  their  funding  of  R&D 
performed  abroad.  Since  1985,  U.S.  firms’  overseas  R&D  financing 
has  increased  nine  times  faster  than  that  performed  domestically. 
Offshore  R&D  funded  by  U.S.  industrial  firms  now  equals  11.3  per¬ 
cent  of  their  own  domestic  R&D  expenditures.  Foreign  R&D  com¬ 
prised  more  than  10  percent  of  industry’s  total  in  the  United  States, 
Canada,  the  United  Kingdom,  and  France  in  1990.  Thf  imber  of 
multi-firm  international  R&D  alliances  grew  from  abi  n  the 

1970s  to  almost  1,500  in  the  1980s. 

♦  International  coauthorship  of  scientific  articles  represents  another 
indication  of  enhanced  collaboration.  In  1991,  11  percent  of  the 
world’s  articles  were  internationally  coauthored — this  is  twice  the 
percentage  from  a  decade  earlier.  This  increase  in  international 
cooperation  is  evident  in  several  fields,  but  especially  in  physi 
mathematics,  and  earth  and  space  sciences.  Although  U.S.  re¬ 
searchers  still  collaborate  most  frequently  with  colleagues  in  the 
United  Kingdom  and  Germany,  there  has  been  increased  coopera¬ 
tion  with  France,  Japan,  and  Italy. 

♦  The  excellence  of  the  U.S.  higher  education  system  attracts  grow¬ 
ing  numbers  of  foreign  students.  These  students  continued  to 
increase  as  a  proportion  of  U.S.  doctoral  degrees  in  1991,  particular¬ 
ly  in  engineering  and  mathematics;  foreign  students  received  over 
25  percent  of  all  natural  science  degrees,  over  40  percent  of 
math/computer  sciences  degrees,  and  over  45  percent  of  engi¬ 
neering  degrees  awarded  that  year. 

♦  Among  foreign  citizens,  students  from  Asian  countries  receive 
three  times  more  S&E  doctorates  from  American  universities  as  do 
students  from  all  European  countries  and  the  Americas  combined. 
More  than  three  times  as  many  Asian  s&E  doctoral  recipients  plan 
to  stay  and  work  in  the  United  States  as  foreign  s&E  doctorates 
from  the  Americas  and  Europe. 

The  U.S.  is  undergoing  a  change  in  the  structure  of  its  r&o  investments. 

♦  The  Federal  Government  provides  a  decreasing  fraction  of  national 
R&D  support — an  estimated  42  percent  in  1993,  down  from  46  percent 
in  the  mid-1980s.  Industry  provides  more  than  half  of  all  funds  (52 
percent);  and  the  combined  share  o.  late  government,  university, 
and  nonprofit  support  has  doubled  from  3  to  6  percent  since  1985. 
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♦  Universities  conduct  an  increasing  share  of  the  R&D  performed  in 
the  United  States,  growing  from  9  percent  in  1985  to  13  percent  in 
1993.  Industrial  firms  are  still  responsible  for  performing  most  of 
the  Nation’s  R&D — 68  percent — but  their  share  of  the  total  national 
effort  fell  over  this  same  period. 

♦  Individual  investigators  receive  a  slightly  smaller  share  of  federal 
civilian  academic  research  support  than  in  the  past,  but  still  receive 
more  than  half  of  all  such  funds. 

♦  R&D  performance  is  highly  concentrated  in  just  a  few  States.  California 
accounted  for  20  percent  of  all  R&D  conducted  in  the  United  States,  and 
10  States  represent  over  two-thirds  of  the  national  R&D  total.  This  concen¬ 
tration  of  R&D  funds  has  remained  fairly  constant  over  time,  but  many 
other  States  now  are  developing  strategies  to  enhance  their  s&T  base. 

u.s.  science  and  engineering  investments  and  activities  reflect 
changing  national  priorities. 

♦  Health  R&D  accounts  for  a  rapidly  growing  share  (15  percent  in 
1994)  of  the  government’s  total  R&D  investment.  Much  of  the 
growth  in  health-related  R&D  is  for  AIDS  research.  National  defense 
R&D  spending  still  commands  the  lion’s  share  (59  percent  of  the 
federal  total),  but  is  decreasing.  Space  research  has  increased,  pri¬ 
marily  for  Space  Station  Freedom. 

♦  Health  research  was  scheduled  to  receive  the  single  largest  share — 
40  percent — of  federal  basic  research  budgets  in  1994.  General  sci¬ 
ence,  which  included  funding  for  the  National  Science  Foundation 
and  for  the  research  portion  of  the  now-canceled  Superconducting 
Super  Collider,  accounted  for  20  percent  of  estimated  federal  basic 
research  authorizations.  General  science,  however,  still  comprises 
only  4  percent  of  total  federal  R&D. 

♦  Reflecting  the  overall  strategy  to  use  science  and  technology  to 
achieve  national  goals,  combined  funding  for  six  interagency 
cross-cutting  initiatives  equaled  $12.5  billion,  or  about  one-sixth  of 
the  estimated  1994  federal  R&D  support.  Funding  for  biotechnolo¬ 
gy  was  $4.3  billion;  advanced  materials  and  processing,  $2.1  bil¬ 
lion;  global  change  research,  $1.5  billion;  advanced  manufacturing 
technology,  $1.4  billion;  and  high-performance  computing  and 
communications,  $1.0  billion.  The  science,  mathematics,  engineer¬ 
ing,  and  technology  education  initiative  was  funded  at  $2.3  billion, 
although  it  is  not  directly  included  in  an  R&D  budget.  There  is 
some  overlap  in  these  activities  and  budget  estimates,  and  new  fed¬ 
eral  strategic  initiatives  are  being  developed. 


“Results  of  academic  research 
are  much  more  useful  to 
industry  today  than  they  were 
10  or  20  years  ago.  Universities 
are  more  receptive  to  and 
interested  in  collaborating  with 
industry  at  this  time.  However, 
academic  research  should  focus  its 
efforts  on  the  long-term,  fundamental 
needs  of  the  United  States  in  science 
and  engineering,  with  input  on  those 
needs  from  private  industry, 
government  and  other  sectors.  ” 

Charles  F.  Larsen 
Executive  Director 
Industrial  Research  Institute 
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The  importance  of  supporting  basic  research  in  areas  of  strategic 
and  national  importance  and  the  enhancement  of  interagency 
coordination  are  receiving  increased  national  attention. 

♦  Research  can  be  directly  influenced  by  the  quest  for  fundamental 
knowledge  and  can  contribute  to  strategic  projects  and/or  nation¬ 
al  goals.  Basic  research  and  education  are  investments  in  future 
capabilities.  It  is  therefore  not  surprising  that  the  academic  sector 
performed  62  percent  of  the  Nation's  basic  research. 

♦  In  recognition  of  the  importance  of  basic  research,  national  expen¬ 
ditures  in  this  area  of  investment  increased  both  in  terms  of  abso¬ 
lute  levels  of  funding  and  as  a  proportion  of  total  R&l)  expenditures. 
Since  the  mid-1980s,  the  share  of  R&l)  funding  devoted  to  basic 
research  rose  from  13  to  16  percent.  The  Federal  Government  has 
traditionally  funded  the  majority  of  the  Nation's  basic  research;  in 
1993,  it  provided  63  percent  of  the  funding  for  this  activity. 

♦  There  is  new  and  increased  emphasis  on  supporting  basic  research 
in  a  variety  of  strategic  areas  as  determined  by  the  FVesident,  the 
new  Cabinet-level  National  Science  and  Technology  Council  (NSTC).‘ 
and  Congress. 

♦  The  NSTC  will  establish  clear  national  goals  for  federal  science 
and  technology  investments  and  ensure  that  science,  space  and 
technology  policies  and  programs  are  developed  and  implemented 
to  effectively  contribute  to  those  national  goals.  To  enhance  coor¬ 
dination  of  R&D  strategies  and  budget  recommendations,  the 
National  Science  and  Technology  Council  will  establish  coordinat¬ 
ing  committees  on  R&l)  in  the  following  areas; 

•  Health,  Safety,  and  Food  R&D 

•  Fundamental  Science  and  Engineering  Research 

•  Information  and  Communication  R&D 

•  Environment  and  Natural  Resources  Research 

•  Civilian  Industrial  Technology  R&D 

•  Education  and  Training  R&D 

•  Transportation  R&D 

•  National  Security  R&D 

•  International  Science  Engineering  and  Technology  R&D 


'President  Clinton  established  the  National  Science  and  Technology  Council  by 
Executive  Order  on  November  23.  1993.  The  Council  will  consolidate  the  responsibilities 
previously  carried  out  by  a  number  of  other  interagency  councils,  including  the  Federal 
Coordinating  Council  for  Science.  Engineering,  and  Technology;  the  National  Space 
Council:  and  the  National  Critical  Materials  Council.  The  same  executive  order  also  estab¬ 
lished  the  President’s  Committee  of  Advisors  on  Science  and  Technology;  this  private  sec¬ 
tor  committee  will  serve  as  an  advisory  group  to  the  President  and  the  National  fk'ience  and 
Technology  Council. 


Science  A  Engineering  Indicators  -  1993 


*  xxi 


Universities  have  assumed  a  iarger  role  in  performing  the  Nation’s 
Rso,  but  are  receiving  a  smaller  share  of  their  funding  from  the 
Federal  Government. 

♦  Academic  R&D  rose  to  an  estimated  $20.6  billion  in  1993.  Although 
overall  expenditures  have  grown,  the  federal  share  of  academic 
support  has  continued  to  decline,  as  other  reported  sources  of  uni¬ 
versity  support — including  universities’  own  funds — have  grown 
more  rapidly. 

♦  In  1993,  federal  sources  still  provided  the  majority  of  funding  for 
academic  R&D — 56  percent — but  this  was  a  decrease  from  the  68- 
percent  share  provided  by  the  Federal  Government  in  1980.  Aca¬ 
demic  institutions  themselves  provided  the  second  largest  share  of 
academic  R&D  support,  reaching  20  percent  in  1993.  Industrial  sup¬ 
port  of  academic  research  has  grown  more  rapidly  than  support 
from  other  sources;  its  share  increased  from  3.9  percent  in  1980  to 
7.3  percent  in  1993. 

♦  The  amount,  adequacy,  and  condition  of  s&E  research  space  at  the 
Nation’s  research-performing  institutions  are  all  reported  to  have 
increased  and/or  improved  between  the  1988/89  and  1992/93 
periods.  However,  34  percent  of  the  institutions  still  reported  that 
their  research  space  was  inadequate. 

♦  U.S.  research  universities  have  recently  begun  to  show  a  decline  in 
expenditures  from  current  funds  on  academic  R&D  instrumentation 
after  having  made  targe  increases  in  instrumentation  investment 
during  most  of  the  1980s. 

♦  The  rapid  increase  in  the  number  of  doctoral  academic  re¬ 
searchers  evident  in  the  1980s  appears  to  have  leveled  off  for  all 
fields  but  computer  science. 

♦  During  the  1980s,  a  growing  fraction  of  academic  scientists  and 
engineers  reported  being  active  in  research.  This  trend  seems  to 
have  slowed  or  leveled  off  between  1989  and  1991. 

Defense  downsizing  has  affected  r&d  expenditures  and  s&e 
employment. 

♦  Defense  R&D  (which  includes  Department  of  Energy  weapons  pro¬ 
grams)  dropped  to  59  percent  of  the  1994  federal  R&D  budget — 
down  fi'om  its  1987  peak  of  69  percent.  Within  the  Department  of 
Defense  (dod),  however,  the  post-Cold  War  budget  r&d  funds 
have  actually  increased,  while  some  other  budget  areas  have 
declined,  r&d  now  accounts  for  14  percent  of  DOD’s  total  outlays — 
up  fi'om  a  10-percent  share  at  the  beginning  of  the  defense  buildup 


“Tifie  burden  of  expectations 
on  the  universities  grows  year 
by  year,  while  their  traditional 
functions  of  teaching,  research 
and  extension  have  never 
been  more  important.  ” 

Frank  H.  T.  Rhodes 
President  of  Cornell  University 
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in  1980.  Out  of  its  R&D  budget,  DOl)  now  provides  financing  for  a 
multi-agency  defense  conversion  effort  to  bolster  economic  com¬ 
petitiveness  and  promote  dual-use  technologies  to  ease  defense 
conversion. 

♦  Federal  funding  of  industrial  R&l)  is  highly  concentrated  in  indus¬ 
tries  with  defense  importance;  aircraft  and  missiles  companies  and 
communications  equipment  firms  received  more  than  three- 
fourths  of  federal  R&D  support  to  industry.  R&D  in  these  industries 
will  no  doubt  be  affected  by  downsizing  of  defense  procurement. 

♦  Defense  downsizing  has  affected  industry’s  employment  of  R&D 
scientists  and  engineers.  Preliminary  data  show  that  the  number 
of  R&D  scientists  and  engineers  declined  6  percent,  dropping  from 
730,000  in  1990  to  684,000  in  1992;  in  the  aircraft  and  missiles 
industry,  the  number  of  federally  supported  R&D  scientists  and 
engineers  declined  20  percent. 

♦  Reduced  defense  spending  is  having  a  major  impact  on  engineer¬ 
ing  employment.  Recent  government  projections  show  that  more 
than  two  out  of  five  engineering  defense-related  civilian  jobs  have 
been,  or  will  be,  lost  between  1987  and  1997. 

R&D  partnerships  and  university-industry  cooperation  are 
increasing. 

♦  In  constant  dollars,  academic  R&D  financed  by  industry  increased 
an  estimated  265  percent  from  1980  to  1993.  Industry’s  share  of 
academic  R&D  funding  grew  from  3.9  percent  to  an  estimated  7.3 
percent. 

♦  There  was  an  estimated  fourfold  increase  in  the  number  of  univer¬ 
sity-industry  research  centers  (UiRCs)  established  in  the  1980s 
compared  to  the  number  established  in  the  1970s.  The  more  than 
1,000  university-industry  research  centers  in  existence  in  1991 
spent  an  estimated  $2.7  billion  on  R&D  in  1990;  72  percent  of  the 
uiRCs  were  established  with  the  support  of  federal  or  state  funds. 

♦  Industry-university  coauthorship  of  scientific  articles  is  increasing. 
In  1991,  35  percent  of  all  industry  articles  were  collaborative 
efforts  with  academic  researchers,  up  from  22  percent  a  decade 
earlier. 

♦  Academic  patenting  continued  its  rapid  growth  into  1991;  almost 
one-fourth  of  all  patents  awarded  to  universities  since  1969  were 
awarded  in  1990-91.  This  increase  was  especially  true  in  the  health 
and  biomedical-related  areas  and  is  one  indicator  of  the  potential 
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role  played  by  academic  R&D  in  the  development  of  technology  and 
new  products.  It  may  also  be  an  indication  of  increased  interest  by 
university  researchers  in  the  marketplace. 

♦  Universities  are  receiving  financial  benefits  from  patenting  and 
licensing.  A  recent  General  Accounting  Office  study  indicated  that 
many  universities  expanded  their  efforts  to  transfer  technology  to 
industry  and  to  enhance  their  licensing  activities. 

♦  Federal  labs  also  are  accelerating  efforts  to  help  industry  make 
commercial  use  of  their  research.  More  than  1,500  cooperative 
R&D  agreements  (CRADAs)  have  been  negotiated  between  federal 
labs  and  industry  since  1987,  and  the  number  of  licensing  agree¬ 
ments  has  more  than  doubled. 

♦  Eleven  federal  agencies  participated  in  the  Small  Business 
Innovation  Research  (SBIR)  Program  in  1991,  making  awards 
totaling  $483  million.  During  the  1983-91  period,  more  than  one- 
fifth  of  these  awards  were  computer-related,  and  one-fifth  were  for 
electronics  research.  Research  in  the  life  sciences  and  materials 
each  represented  16  percent  of  all  SBIR  awards. 

u.s.  student  performance  in  science  and  mathematics  at  the  pre¬ 
coliege  level  is  still  problematic. 

♦  Increases  in  the  average  mathematics  National  Assessment  of 
Educational  Progress  (NAEP)  proficiency  scores  for  13-  and  17- 
year-old  students  between  1978  and  1990  reflect  gains  among  stu¬ 
dents  who  fall  below  the  50th  percentile.  The  gains  made  by  these 
students  may  be  attributable  to  the  past  focus  on  teaching  basic 
skills.  Little  or  no  progress  has  been  made  in  raising  the  proficien¬ 
cy  scores  of  students  in  the  top  quartiles. 

♦  Research  indicates  that  three-fourths  of  eventual  science,  mathe¬ 
matics,  or  engineering  majors  in  college  had  different  plans  as 
high  school  sophomores  or  changed  their  minds  several  times 
during  their  academic  careers.  This  finding  suggests  that  educa¬ 
tors  concerned  about  the  development  of  engineers,  mathemati¬ 
cians,  and  scientists  for  the  future  need  to  look  to  other  fields  and 
help  smooth  the  transition  of  students  from  one  major  to  another. 

There  are  major  differences  between  males  and  females  in  their 
participation  in  science  and  engineering  at  all  levels,  but  some 
improvements  are  evident. 

♦  Although  male  and  female  students  in  the  4th,  8th,  and  12th 
grades  have  equivalent  mean  NAEP  scores  in  mathematics,  more 


“If  we  can  do  a  better  job  of 
educating  all  young  people  in 
science  and  mathematics,  they  will 
not  only  grow  up  with  skills  that  will 
help  them  find  jobs,  they  will  be 
able  to  appreciate  the  importance 
of  science  and  engineering  and  its 
role  in  the  quality  of  life.  Starting 
early  is  the  best  strategy,  but  we 
should  not  be  shy  in  exploring 
every  possible  mechanism  to 
reach  all  people  of  all  ages.  ” 
Neal  Lane 
Director 

National  Science  Foundation 
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12th  grade  males  than  females  are  reaching  the  advanced  and  pro¬ 
ficient  levels.  The  science  scores  of  13-  and  17-year-old  male  stu¬ 
dents  have  remained  higher  than  those  of  female  students  of  the 
same  age. 

♦  Females  contippe  to  be  underrepresented  among  the  highest  scor¬ 
ers  on  the  mathematics  section  of  the  Scholastic  Aptitude  Test 
(SAT).  While  24  percent  of  males  score  at  or  above  6(X),  only  13  per¬ 
cent  of  females  score  that  high. 

♦  At  the  undergraduate  level,  females  obtained  45  percent  of  all 
bachelors  degrees  in  the  natural  sciences  in  1991.  Their  participa¬ 
tion  rate  in  engineering  degrees  grew  from  2  to  16  percent 
between  1975  and  1991. 

♦  By  1991,  more  than  one-third  of  graduate  S&E  students  were 
female. 

♦  Females  received  half  the  social  science  degrees  and  over  a  quar¬ 
ter  of  the  natural  science  degrees  at  the  doctoral  level  in  1991.  This 
represents  a  doubling  of  female  participation  rates  in  these  S&E 
fields  since  1975.  However,  women  received  relatively  few  engi¬ 
neering  or  math /computer  sciences  degrees  at  the  doctoral 
level — 9  and  17  percent,  respectively. 

♦  In  1991,  women  comprised  88  percent  of  all  elementary  school 
teachers  and  56  percent  of  all  secondary  school  teachers.  However, 
women  were  less  likely  to  be  mathematics  and  science  teachers. 

♦  Although  women  still  comprise  a  very  small  portion  of  the  engi¬ 
neering  workforce,  some  progress  has  been  made  over  the  past 
decade:  Between  1983  and  1992,  the  percentage  of  women 
increased  from  5.9  percent  to  8.7  percent. 

♦  The  number  of  doctoral  women  scientists  and  engineers  employed 
in  academia  more  than  doubled  fi'om  1979  to  1991,  increasing  from 
16,650  to  35,600;  the  number  active  in  academic  R&D  almost 
tripled. 

♦  Women  represented  19  percent  of  academic  researchers  in  1991. 
Almost  half  of  these  were  active  in  the  life  sciences.  Women 
accounted  for  only  3.4  percent  of  all  academic  doctoral  engineers 
in  1991. 
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Minorities  are  stiii  underrepresented  in  science,  mathematics, 
and  engineering,  aithough  some  progress  has  been  achieved. 

♦  At  a  time  when  their  numbers  are  growing,  minority  students  are 
underrepresented  among  students  doing  well  in  mathematics  and 
science  and  among  those  who  go  on  to  pursue  math-  and  science- 
related  careers.  By  2010,  the  school-age  population  is  expected  to 
be  more  than  40-percent  minority. 

♦  From  1990  to  1992,  NAEP  mathematics  proficiency  scores  showed 
gains  for  white  students  in  all  grades;  the  gains  for  black  and  His¬ 
panic  students  were  of  a  smaller  magnitude. 

♦  Approximately  two-thirds  of  white  and  black  students  in  high 
school  have  taken  geometry  or  more  advanced  courses,  compared 
to  just  over  half  of  Hispanic  students. 

♦  The  gap  between  the  mathematics  scores  on  the  SAT  of  whites  and 
Asians,  on  the  one  hand,  and  blacks,  Mexican  Americans,  Latin 
Americans,  Puerto  Ricans,  and  Native  Americans,  on  the  other 
hand,  is  very  large.  While  the  overall  performance  of  blacks  has 
improved,  there  has  been  little  progress  in  raising  the  number  of 
high-scoring  blacks. 

♦  Asians  have  not  only  outscored  all  other  groups  on  the  mathemat¬ 
ics  portion  of  the  SAT  from  1987  to  1992,  they  also  appear  to  be 
widening  the  gap  between  themselves  and  all  other  groups.  The 
number  of  Asians  scoring  750  or  more  doubled  during  the  period. 

♦  Underrepresented  minoriUes  (blacks,  Hispanics,  and  Native  Amer¬ 
icans)  modestly  improved  their  participation  rates  in  S&E  degrees, 
rising  fi'om  6  percent  in  1977  to  almost  10  percent  in  1991. 

♦  Although  31  percent  of  the  Nation’s  students  come  from  minority 
groups,  only  11  percent  of  high  school  mathematics  teachers  and 
only  4  percent  of  high  school  physics  teachers  are  minorities. 

♦  Eighth  grade  white  and  Asian  students  and  eighth  grade  students  finni 
high  socioeconomic  status  fiimilies  were  much  more  likely  to  be  taught 
by  mathematics  teachers  who  majored  in  mathematics  or  mathematics 
education  than  were  black,  Hispanic,  or  Native  American  students. 

♦  Undergraduate  enrollments  in  engineering  of  blacks  increased 
from  4  to  7  percent  during  the  period  1979-92;  concurrently,  enroll¬ 
ments  of  Hispanics  rose  from  3  to  6  percent. 

♦  Underrepresented  minorities  comprise  only  about  4.6  percent  of 
the  graduate  student  population  in  natural  sciences  and  about  4 
percent  in  engineering. 


“We  are  acutely  sensitive 
to  the  underrepresentation  of 
both  women  and  minorities  in 
science  and  engineering. 
Programs  addressed  to  helping 
these  groups  to  succeed  and  move 
into  leadership  roles  are  important. 
It  will  take  time,  but  in  the  end 
that  is  the  only  way  I  think  you 
are  going  to  get  really  fundamental 
change,  and  that  fundamental 
change  is  absolutely  critical  for 
our  society  right  now.  ” 

James  J.  Duderstadt 
Chairman 

National  Science  Board 
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♦  The  number  of  doctoral  degrees  obtained  by  underrepresented 
minorities  has  increased  in  ail  s&e  fields,  especially  in  the  social 
and  natural  sciences.  This  growth  is  from  a  small  base,  however, 

-  and  minority  students  still  represent  only  a  half  of  1  percent  of  all 
doctoral  degrees. 

♦  Since  1979,  increases  in  participation  for  minorities  have  been 
greater  than  for  whites,  but  the  overall  number  of  black,  Hispanic, 
and  Native  American  researchers  remains  low.  In  1991,  minorities 
constituted  5  percent  of  academic  doctoral  s&E  researchers,  up  from 
2  percent  in  1979.  Their  increasing  share  among  researchers  is 
roughly  in  line  with  their  growing  share  of  academic  employment. 

♦  Asians  are  increasingly  prominent  in  academic  R&l).  They  consti¬ 
tuted  10  percent  of  academic  researchers  in  1991,  up  from  4  per¬ 
cent  in  1979. 

♦  Minorities  are  underrepresented  in  the  engineering  workforce.  The 
percentage  of  blacks  in  the  engineering  workforce  increased  from 
2.6  percent  in  19»3  to  4.0  percent  in  1992,  and  the  percentage  of 
Hispanics  increased  from  2.2  to  3.1  percent  over  the  same  period. 

Enrollments  and  degrees  in  s&e  fields  are  up. 

♦  There  are  indicators  of  growing  interest  among  freshmen  in  study¬ 
ing  fields  of  science  and  engineering.  National  Merit  Scholars 
expressed  increasing  interest  in  natural  science  and  engineering 
majors  from  1986  to  1992. 

♦  The  absolute  number  of  undergraduate  degrees  in  engineering, 
math,  and  computer  sciences  continued  to  decline  in  1991,  but 
there  was  an  upturn  in  natural  science  degrees  in  1991  after  a 
slow,  decade-long  decline. 

♦  After  declining  slightly  each  year  from  1982  to  1989,  engineering 
enrollments  have  shown  small  increases  since  1990.  Women  and 
minorities  have  primarily  accounted  for  these  increases. 

♦  Graduate  enrollments  in  s&E  fields  grew  steadily  at  a  rate  of  2  percent 
per  year  from  1977  to  1991.  Much  of  this  growth  was  due  to  female 
and  foreign  students:  by  1991,  more  than  onethird  of  graduate  s&E 
students  were  women  and  another  quarter  were  foreign  students. 

♦  At  the  doctoral  level,  engineering  degrees  grew  at  a  faster  rate 
than  any  other  field — 6  pe;  i.  iit  annually  since  1978,  reaching  over 
5,000  degrees  in  1991. 
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s&E  personnel  patterns  are  changing. 

♦  r.s.  industrial  firms  employed  1.3  million  en^fineers  and  667,000 
scientists  in  1992.  Between  1989  and  1992,  total  industrial  s&K 
employment  increased  at  an  average  annual  rate  of  1.5  percent — 
considerably  below  the  3.6-percent  rate  registered  during  the  pre¬ 
ceding  9-year  period. 

♦  Current  employment  patterns  for  scientists  and  engineers  show 
the  stress  of  cutbacks  in  defense  spending,  industry  downsizing, 
and  the  global  economic  slowdown.  Although  scientists  and  engi¬ 
neers  are  less  likely  to  be  unemployed  than  other  types  of  work¬ 
ers,  1992  unemployment  rates  are  higher  than  those  recorded  a 
few  years  ago.  In  1992,  the  unemployment  rate  for  engineers  was 
3.8  percent;  for  natural  scientists,  2.3  percent;  and  for  mathemati¬ 
cal  and  computer  scientists,  2.6  percent.  In  comparison,  the  overall 
national  unemployment  rate  was  6.7  percent.  Doctoral  scientists, 
however,  have  an  extremely  low  unemployment  rate — 1.5  percent 
in  1992. 

♦  Organizations  that  track  entry-level  hiring  of  college  graduates  all 
report  a  reduction  in  recruiting  by  employ-ers  and  in  the  number  of 
job  offers  made  to  new  college  graduates  in  the  1990s.  s&E  gradu¬ 
ates  still  appear  to  be  faring  better  than  those  who  majored  in 
other  disciplines  and  continue  to  command  higher  starting  salaries 
than  their  counterparts  in  non-s&E  fields. 

♦  A  nearly  two-decade-long  trend  toward  an  aging  academic 
research  workforce  is  starting  to  reverse.  “Young  researchers’’ 
(that  is,  those  who  earned  their  doctoral  degrees  within  the  prior  7 
years)  comprised  only  25  percent  of  all  academic  researchers  in 
1989,  but  accounted  for  31  percent  in  1991.  The  life  and  computer 
sciences  have  maintained  relatively  younger  researcher  pools 
throughout  the  period,  while  mathematics  has  apparently  “aged’’ 
the  most. 

♦  Studies  of  the  future  s&E  job  market  conducted  by  the  Bureau  of 
Labor  Statistics  yield  the  following  conclusions  for  1990-2005. 
These  projections  take  defense  downsizing  into  account. 

•  Employment  in  technical  occupations  will  grow  at  a  faster  pace 
than  overall  employment. 

•  Employment  in  technology-intensive  industries  will  grow  at 
about  the  same  rate  as  employment  in  general. 


“I  don ’t  think  that  the 
long-term  future  is  bleak  at  all, 
because  we  are  going  to  survive 
by  virtue  of  our  scientists  and 
engineers,  our  people  who  have 
good  heads  on  their  shoulders 
and  exercise  their  brains.  At  the 
same  time . . .  you  can’t  cut  your 
deficit  and  also  hire  more  people . . . 
I’m  sympathetic  with  the  fact 
that  there  are  enormous  pressures 
in  the  job  market.  ” 

John  Gibbons 
Director 

Office  of  Science  and  Technology  Policy 
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•  Surpluses  are  more  likely  to  be  observed  in  the  s&E  job  market 
than  shortages,  but  the  latter — especially  in  specific  fields — 
cannot  be  ruled  out. 

u.s.  industrial  rad  and  technology  remain  competitive  in  some 
areas,  but  are  being  challenged  by  other  nations. 

♦  Industry  is  the  largest  performer  of  R&I)  in  the  United  States.  The 
estimated  value  of  all  R&D  performed  by  companies  in  1993  was 
$109.3  billion — or  68  percent  of  the  total  national  R&D  effort. 

♦  R&D  is  highly  concentrated  in  the  United  States:  Eight  industries 
account  for  over  80  percent  of  all  industrial  R&D  performed  in  the 
country.  The  aircraft  and  communications  equipment  industries  have 
consistently  been  the  largest  performers  of  R&D  in  the  United  States. 
The  u.s.  computer/ office  equipment  industry — by  virtue  of  higher 
rates  of  R&D  performed  over  the  past  two  decades — has  taken  over 
third  place  from  the  U.S.  motor  vehicle  industry.  In  1990,  the  top 
three  R&D-performing  industries  in  the  United  States — aircraft,  com¬ 
munications  equipment,  and  computer/office  equipment — together 
accounted  for  over  50  percent  of  all  industrial  R&D  performed. 

♦  Since  1973,  R&D  performance  in  Japanese  manufacturing  indus¬ 
tries  grew  at  a  higher  annual  rate  than  in  the  United  States;  since 
1980,  it  grew  faster  than  in  all  other  industrialized  countries.  The 
top  three  R&D-performing  industries  in  Japan — communications 
equipment,  motor  vehicles,  and  electrical  machinery — accounted 
for  about  40  percent  of  the  Japanese  national  industrial  R&D  total. 
Rapid  R&D  growth  in  the  Japanese  computer/office  equipment 
industry  during  the  1970s  and  1980s  has  made  that  industry  one  of 
the  country’s  top  five  industry  performers. 

♦  The  United  States  continues  to  lead  all  other  nations  in  the  produc¬ 
tion  of  high-tech  products.  However,  its  leadership  is  being  chal¬ 
lenged  by  Japan,  whose  share  of  the  global  market  for  high-tech 
products  steadily  increased  during  the  eighties  and  early  nineties. 

♦  Of  the  six  industries  that  form  the  high-tech  group,  three  u.s. 
industries — those  producing  scientific  instruments,  drugs  and 
medicines,  and  aircraft — gained  global  market  share  during  the 
1980s  and  maintained  that  market  share  into  the  early  1990s. 

♦  Demand  for  high-tech  products  in  the  United  States  was  increas¬ 
ingly  met  by  foreign  suppliers  during  the  1980s  and  into  the  early 
1990s.  Import  penetration  of  U.S.  high-tech  markets  was  deepest  in 
the  computer/office  equipment  industry. 
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♦  Japan’s  exports  of  high-tech  products  surpassed  those  of  the 
United  States  and  Germany  in  1983  and  continued  to  lead,  by  vary¬ 
ing  margins,  through  1992.  Japan  led  the  world  in  exports  of  com¬ 
munications  equipment,  computer/office  equipment,  electrical 
machinery,  and  scientific  instruments  in  1992.  The  United  States 
was  the  leading  exporter  in  only  one  high-tech  industry — aircraft. 

♦  By  the  mid-1980s,  U.S.  high-tech  exports  failed  to  keep  pace  wth  U.S. 
imports  of  high-tech  products,  producing  persistent  annual  trade 
deficits  through  1992.  Trade  in  computer/office  equipment  shows 
the  greatest  deficit  among  all  the  U.S.  high-tech  areas.  Nevertheless, 
three  of  the  six  high-tech  areas  continue  to  show  trade  surpluses — 
aircraft,  pharmaceuticals,  and  scientific  instruments. 

U.S.  patenting  activity  has  improved,  but  foreign  inventors  have 
important  technical  strengths. 

♦  The  number  of  U.S.  patents  granted  to  Americans  has  reversed  its 
decline  and  has  been  increasing  since  1983.  Patent  activity  by  for¬ 
eign  inventors  in  the  United  States  generally  followed  the  U.S. 
trend,  although  the  number  of  foreign-origin  patents  increased 
somewhat  faster  after  1983. 

♦  Americans  successfully  patent  their  inventions  around  the  world. 
In  1990,  countries  in  which  U.S.  inventors  received  more  patents 
than  other  foreign  inventors  included  Japan,  the  United  Kingdom, 
Canada,  Mexico,  Brazil,  and  India. 

♦  International  patenting  in  three  important  technologies — robot 
technology,  genetic  engineering,  and  optical  fiber  technology — 
underscores  the  inventive  activity  of  the  United  States,  Japan,  and 
Europe  in  these  diverse  areas.  Based  on  an  examination  of  national 
patenting  activity  in  33  countries  during  1980-90,  Japan  and  the 
United  States  led  in  overall  technological  activity  in  these  areas. 

♦  Foreign  patenting  activity  in  the  United  States  is  highly  concentrat¬ 
ed  in  a  few  countries.  Inventors  from  the  European  Community 
and  Japan  account  for  80  percent  of  all  foreign-origin  U.S.  patents. 
Japanese  inventors  received  22  percent  of  all  U.S.  patents  in  1991 
and  46  percent  of  the  foreign-origin  patents  in  the  United  States. 
Newly  industrialized  economies,  in  particular  Taiwan  and  South 
Korea,  dramatically  increased  their  patenting  activity  in  the  United 
States  during  the  last  half  of  the  1980s. 


“One  new  idea  leads  to  another, 
that  to  a  third,  and  so  on  throttgh 
course  of  time  until  some  one, 
with  whom  none  of  these  was 
original,  combines  all  together, 
and  produces  what  is  justly  called 
new  invention.  ” 

Thomas  Jefferson 
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♦  Recent  patent  emphases  by  foreign  inventors  in  the  United  States 
show  widespread  international  focus  on  several  commercially  impor¬ 
tant  technologies.  Japanese  inventors  are  earning  patents  in  the  infor¬ 
mation  technologies,  as  are  German  inventors.  Also,  German, 
French,  and  British  inventors  are  showing  high  activity  in  biotechnol¬ 
ogy-related  patent  fields.  Inventors  from  Taiwan  and  South  Korea  are 
earning  an  increasing  number  of  I'.s.  patents  in  technology  fields 
related  to  communications  and  electronic  components. 

Americans  hold  science  and  medicine  in  high  regard,  but  do  not 
consider  themselves  well-informed  about  science  and  technology. 

♦  In  1992,  approximately  80  percent  of  America  adults  believed  that 
science  and  technology  have  increased  our  standard  of  living, 
enhanced  our  working  conditions,  and  improved  the  public  health. 
Throughout  the  last  decade,  at  least  70  percent  of  Americans  con¬ 
tinued  to  express  the  view  that  the  benefits  of  scientific  research 
exceed  risks  or  harms  associated  with  that  work. 

♦  Compared  to  citizens  in  Japan  and  the  European  Community,  a 
larger  proportion  of  Americans  expressed  a  high  level  of  interest  in 
new  medical  discoveries.  Citizens  in  all  three  regions  have  about 
the  same  high  level  of  interest  in  new  scientific  discoveries,  the  use 
of  new  inventions  and  technologies,  and  environmental  pollution. 

♦  Americans  continue  to  have  a  high  level  of  interest  in  science  and 
technology.  In  1992,  about  a  third  of  Americans  reported  that  they 
were  very  interested  in  issues  about  “new  scientific  discoveries” 
and  “the  use  of  new  inventions  and  technologies." 

♦  In  contrast,  in  1992,  only  about  12  percent  of  Americans  thought  of 
themselves  as  being  very  well-informed  about  issues  involving  new 
scientific  discoveries,  and  29  percent  felt  they  were  very  well- 
informed  about  environmental  pollution  issues. 

♦  A  higher  proportion  of  European  adults  than  Li.s.  adults  classify 
themselves  as  having  a  clear  understanding  of  several  important 
environmental  concepts.  For  example,  44  percent  of  Europeans 
say  they  have  a  clear  understanding  of  the  hole  in  the  ozone  layer, 
compared  to  30  percent  of  Americans. 

♦  Most  Americans  depend  on  television  and  newspapers  as  their  pri¬ 
mary  source  of  news  and  information.  When  looking  for  more  spe¬ 
cialized  information,  e.g.,  personal  health  information,  a  third  of 
American  adults  rely  on  television. 
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♦  About  15  percent  of  Americans  follow  science  and  technology 
issues  in  the  news  and  try  to  stay  up  to  date  on  these  matters. 

♦  Americans  show  some  awareness  of  the  issues  of  integrity  and 
fraud  in  scientific  work,  but  they  appear  to  take  a  reasonably  bal¬ 
anced  view  of  the  problem.  Additionally,  American  confidence  in 
the  leadership  of  the  scientific  community  increased  over  the  last 
few  years  and  remains  among  the  highest  level  for  professional 
groups  in  American  society. 


“Concern  for  man  himself  and 
his  fate  must  always  form  the  chief 
interest  of  all  technical  endeavors . . . 
Never  forget  this  in  the  midst  of  your 
diagrams  and  equations.  ” 

Albert  Einstein 
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2  ♦ 


HIGHLIGHTS 


Stt  dent  Achievement:  NAEP  Trends 

♦  At  a  time  when  their  numbers  are  growing, 
minority  students  are  underrepresented  among 
students  doing  well  in  mathematics  and  science 
and  among  those  who  go  on  to  pursue  mathe¬ 
matics-  and  science-related  careers.  By  the  year 
2010,  the  school-age  population  is  expected  to  be 
more  than  40  percent  minority. 

♦  Increases  in  the  average  mathematics  proficien¬ 
cy  scores  for  13-  and  17-year-old  students 
between  1978  and  1990  reflect  gains  among 
students  who  fail  below  the  50th  percentile.  The 

gains  made  by  these  students  may  be  attributable  to 
the  past  focus  on  teaching  basic  skills.  Little  or  no 
progress  has  been  madt  in  raising  the  proficiency 
scores  of  students  in  the  lop  quartiles. 

♦  Recent  trends  (1990  to  1992)  in  mathematics 
proficiency  scores  show  gains  for  white  stu¬ 
dents  in  all  grades,  while  black  and  Hispanic  stu¬ 
dents  experienced  fewer  gains. 

♦  Male  and  female  students  in  the  4th,  8th,  and 
12th  grades  have  equivalent  mean  scores  in 
mathematics.  However,  more  12th  grade  males 
than  females  are  reaching  the  advanced  and  profi¬ 
cient  levels.  The  science  scores  of  13-  and  17-year-oid 
male  students  have  remained  higher  than  those  of 
female  students  of  the  same  age. 

COURSET.AKING 

♦  Approximately  two-thirds  of  white  and  black 
students  have  taken  geometry  or  more  ad¬ 
vanced  courses,  compared  to  just  over  half  of 
Hispanic  students. 

4  Research  indicates  that  three-fourths  of  eventu¬ 
al  science,  mathematics,  or  engineering  majors 
in  college  had  different  plans  as  high  school 
sophomores  or  changed  their  minds  several 
times  during  their  academic  careers.  This  find¬ 
ing  suggests  that  educators  concerned  about  the 
development  of  engineers,  mathematicians,  and  sci¬ 
entists  for  the  future  need  to  look  to  other  fields  and 
help  smooth  the  transition  of  students  from  one 
major  to  another. 

Coixege-Bound  Students:  SAT  Trends 

♦  Females  continue  to  be  underrepresented  among 
the  highest  scorers  on  the  mathematics  section 
of  the  Scholastic  Aptitude  Test  (sat).  While  24 
percent  of  males  score  at  or  above  600,  only  13  per¬ 
cent  of  females  score  that  high. 


♦  The  gap  between  the  mathematics  scores  on  the 
S.AT  of  whites  and  Asians,  on  the  one  hand,  and 
black,  Mexican  .Americans,  Latin  Americans, 
Puerto  Ricans,  and  Native  Americans,  on  the 
other  hand,  is  very  laiige.  WTiile  the  overall  perfor¬ 
mance  of  blacks  has  improved,  there  is  little  progress 
to  report  in  raising  the  number  of  high-scoring  blacks. 

4  Asians  have  not  only  outscored  all  other  groups 
on  the  mathematics  portion  of  the  SAT  from 
1987  to  1992,  they  appear  to  be  widening  the 
gap  between  themselves  and  all  other  groups. 

The  number  of  Asians  scoring  750  or  more  doubled 
during  the  period. 

International  Comparisons 

♦  A  lon^tudinal  analysis  of  students  who  were  test¬ 
ed  in  the  earlier  and  later  grades  indicated  that 
there  was  no  evidence  of  improvement  in  the  sta¬ 
tus  of  the  I'.S.  students  as  they  moved  from  1st 
through  11th  grade.  The  researchers  concluded 
that  the  achievement  gap  is  real,  that  it  is  persistent, 
and  that  it  is  unlikely  to  diminish  until,  among  other 
things,  there  are  marked  changes  in  the  attitudes  and 
beliefs  of  li.s.  parents  and  students  about  education. 

Teachers  and  Other  Resources 

♦  In  1991,  women  comprised  88  percent  of  all 
elementary  school  teachers  and  56  percent  of 
all  secondary  school  teachers.  However,  women 
were  less  likely  to  be  mathematics  or  science  special¬ 
ists  in  the  elementary  grades  or  mathematics  and  sci¬ 
ence  teachers  in  the  secondary  grades. 

♦  The  proportion  of  minority  teachers  of  math 
and  science  is  low  relative  to  the  proportion  of 
minority  students.  Although  31  percent  of  the 
Nation’s  students  come  from  minority  groups,  only 
1 1  percent  of  high  school  mathematics  teachers  and 
only  4  percent  of  high  school  physics  teachers  are 
minorities. 

♦  Eighth  grade  white  and  Asian  students  and 
eighth  grade  students  from  high  socioeconomic 
status  families  were  much  more  likely  to  be  taught 
by  mathematics  teachers  who  majored  in  mathemat¬ 
ics  or  mathematics  education  than  blacks.  Hispanics. 
or  Native  Aiuericans. 

♦  The  use  of  computers  and  calculators  in  the 
classroom  is  on  the  rise.  Between  1985  and  1989 
teachers’  use  of  computers  with  their  students  more 
than  doubled,  although  the  number  of  teachers  using 
computers  for  mathematics  and  science  are  still  in 
the  minority. 
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♦  In  a  search  for  an  explanation  for  racial/ ethnic 
differences  in  school  achievement,  some 
researchers  have  pointed  to  the  low  level  of 
peer  support  for  academic  excellence  among 
black  and  Hispanic  students.  Researchers  contin- 


Introduction 

Chapter  Background 

In  1945,  the  Harvard  Committee  on  the  Objectives  of  a 
General  Education  in  a  Free  Society — a  committee  made 
up  of  some  of  the  most  distinguished  scientists  and  edu¬ 
cators  in  the  country — echoed  the  conventional  wisdom 
of  the  time  when  it  recommended  excluding  half  or 
more  of  the  young  people  in  the  United  States  from 
advanced  coursework  in  science  and  mathematics.  The 
committee  argued  that  “little  more  than  half  the  pupils 
enrolled  in  the  ninth  grade  can  derive  genuine  profit 
from  substantial  instruction  in  algebra...”  (Harvard 
Committee  1966). 

In  the  ensuing  half-century,  attitudes  (if  not  practice) 
have  changed  with  regard  to  science  and  mathematics 
education  at  the  precollegiate  level.  Today,  reformers 
call  for  the  popularization  of  high-level  mathematics  and 
science  coursework;  this  reform  movement  is  fueled  by 
concerns  over  our  Nation’s  economic  competitiveness, 
the  quality  of  our  workforce,  society’s  ability  to  cope  with 
advanced  technology,  and  the  pipeline  that  produces  the 
country’s  scientists  and  engineers.  The  calls  for  more 
instruction  and  higher  achievement  in  mathematics  and 
science  for  all  students  are  also  part  of  a  larger  trend  of 
expansion  and  inclusion  in  U.S.  education.  Since  World 
War  II,  access  to  public  education  has  dramatically 
expanded,  and  the  curriculum  has  diversified  along  with 
the  student  population. 

Minority  students  are  underrepresented  among  stu¬ 
dents  doing  well  in  mathematics  and  science  and  among 
those  who  go  on  to  pursue  math-  and  science-related 
careers.  Yet  the  minority  student  population  is  growing 
dramatically.  As  of  1992,  minorities  made  up  over  30  per¬ 
cent  of  school-age  youth  (5  through  17  years).  By  2010, 
the  school-age  population  is  expected  to  be  more  than  40 
percent  minority.  After  2005,  more  blacks  than  non- 
Hispanic  whites  are  projected  to  be  added  to  the  popula¬ 
tion  each  year.  And,  after  1995,  the  Hispanic  population 
is  projected  to  add  more  people  to  the  United  States 
every  year  than  any  other  group  (Day  1992). 

Some  States  have  already  undergone  the  kind  of  rapid 
transformation  into  a  diverse  society  expected  for  the  rest 
of  the  country.  In  California,  Louisiana,  Hawaii,  Missis¬ 
sippi,  New  Mexico,  and  Texas,  whites  currently  repre¬ 
sent  less  than  50  percent  of  the  school-age  population. 

It  is  difficult  to  predict  whether  other  recent  social 
trends  1  have  an  effect  on  academic  achievement  will 
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ue  to  debate  the  causes  of  racial/ethnic  differences 
in  school  achievement.  However,  any  explanation 
must  take  the  multiple  and  interactive  influences  of 
school,  family,  language,  and  community  resources 
into  account. 


continue.  However,  increases  in  the  number  of  children 
who  speak  a  language  other  than  English  at  home  have 
already  challenged  the  capacity  of  many  schools  to  meet 
students’  educational  needs.  Between  1980  and  1990  the 
number  of  children  who  spoke  a  language  other  than 
English  at  home  grew  from  10  to  14  percent  of  the  5-  to 
17-year-old  population. 

Increases  in  the  number  of  children  living  in  poverty 
also  present  schools  with  difficult  challenges.  Children 
living  in  poverty — particularly  for  an  extended  number 
of  years — have  generally  performed  less  well  on 
achievement  tests  and  other  measures  of  achievement 
than  have  children  from  more  affluent  families.  Today, 
every  sixth  family  with  a  child  under  18  is  poor  (doc 
1992).  There  are  more  poor  children  in  the  United 
States  today  (14,341,000)  than  in  any  year  since  1965 
(Children’s  Defense  Fund  1992).  Many  of  those  poor 
children  are  concentrated  in  big  cities  and  rural  states. 
For  example,  Detroit,  Laredo  (Texas),  and  New 
Orleans  have  child  poverty  rates  above  46  percent. 
About  one-third  of  all  children  in  Mississippi  and 
Louisiana  live  in  poverty.  Every  other  black  preschool¬ 
er  in  the  country  is  poor,  and  two  out  of  three  pre¬ 
schoolers  from  any  background  are  poor  if  they  live  in 
a  female-headed  family. 

Raising  the  mathematics  and  science  achievement  of 
all  groups  is  an  important  ingredient  in  meeting  the  chal¬ 
lenges  of  the  next  century.  This  chapter  on  precollegiate 
mathematics  and  science  education  examines  indicators 
of  progress — or  lack  of  progress.  Unlike  most  previous 
Science  &  Engineering  Indicators  chapters  on  this  topic 
(and,  indeed,  unlike  other  reports  on  education  indica¬ 
tors),  the  present  chapter  focuses  on  the  full  distribution 
of  achievement  of  all  groups.  Thus,  the  chapter  explores 
trends  among  low-achieving  and  high-achieving  stu¬ 
dents,  not  just  mean  scores. 

Chapter  Organization 

The  chapter  begins  with  an  examination  of  trends  in 
academic  achievement  over  time.  It  then  explores  trends 
in  student  persistence  in  mathematics  and  science  cours¬ 
es,  and  trends  in  the  academic  achievement  of  college- 
bound  students.  Particular  attention  is  paid  to  the  perfor¬ 
mance  of  high-achieving  students  and  those  most  likely 
to  pursue  degrees  in  science  or  mathematics.  Next,  the 
chapter  includes  a  brief  review  of  international  compar¬ 
isons  of  academic  achievement.  Whenever  possible,  the 
distribution  of  academic  achievement  is  examined  and 
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the  more  complex  story  of  how  various  groups  of  stu¬ 
dents  are  doing  at  all  levels  of  achievement  is  told. 

The  chapter  next  presents  data  and  issues  on  teachers 
and  teaching.  Included  here  is  a  discussion  of  questions 
about  the  supply,  demand,  and  quality  of  science  and 
mathematics  teachers.  International  comparisons  high¬ 
light  characteristics  of  teachers  and  teaching  that  may 
be  associated  with  higher  science  and  mathematics 
achievement.  An  examination  of  curriculum  and  instruc¬ 
tion  issues  follows,  also  using  international  comparisons 
to  highlight  effective  practices.  The  section  discusses 
the  availability  and  use  of  resources  as  well  as  the  dis¬ 
crepancies  between  common  classroom  practice  and 
reform  goals. 

The  chapter  continues  with  an  examination  of  out-of¬ 
school  learning  in  mathematics  and  science.  It  then 
turns  to  an  examination  of  the  role  of  new  testing  instru¬ 
ments  in  improving  precollegiate  mathematics  and  sci¬ 
ence  education,  and  concludes  with  a  brief  review  of  cur¬ 
rent  policy  initiatives. 

Student  Achievement 

Although  tests  of  mathematics  and  science  achieve¬ 
ment  have  been  criticized  for  providing  an  incomplete 
picture  of  students’  knowledge  and  skills  (NCI'M  1989),' 
they  remain  a  primary  indicator  of  the  state  of  mathemat¬ 
ics  and  science  education.-  This  section  examines  results 
of  the  National  Assessment  of  Educational  Progress 
(NAEP)  and  re-analyzes  trends  in  the  distribution  of 
achievement. 

Several  other  indicators  of  student  achievement  are 
addressed  in  this  section  as  well.  The  section  examines 
how  student  persistence  in  science  and  mathematics 
courses,  and  student  attitudes  toward  science  and  math, 
affect  achievement.  Next,  Scholastic  Aptitude  Test  (SAT) 
data  are  used  to  examine  trends  for  students  who  intend 
to  go  to  college.  The  section  concludes  with  a  discussion 
of  recent  international  comparisons  of  achievement. 


'Moreover,  although  test  results  do  suggest  some  trends  in  the  aca¬ 
demic  achievement  of  various  groups  of  students,  they  only  contribute 
a  small  amount  of  the  information  needed  to  guide  improvement  in 
mathematics  and  science  education.  For  further  discussion  of  this 
topic,  see  “Improvements  in  Assessing  Achievement."  at  the  end  of  this 
chapter. 

-Because  NAEP  only  tests  students  who  are  in  school  at  ages  9.  13, 
and  17,  caution  is  advised  in  interpreting  the  data.  By  age  17.  blacks. 
Native  Americans,  and  Hispanics  drop  out  of  school  at  a  higher  rate 
than  do  whites  and  Asians.  The  picture  is  further  clouded  by  the  fact 
that  large  numbers  of  Hispanic  students,  especially  migrants,  drop  out 
as  early  as  age  13.  Also,  because  it  is  a  “low-stakes"  test,  older  students 
may  not  perform  as  well  as  they  could  on  the  NAEP  tests. 

The  NAEP  sample  size  is  too  small  for  a  complete  analysis  of  Native 
American,  Asian,  or  the  various  groups  within  the  Hispanic  category. 
In  addition.  NAEP  does  not  include  much  infonnation  about  socioeco¬ 
nomic  status.  Despite  these  limitations,  it  is  probably  the  best  indicator 
of  the  mathematics  and  science  achievement  of  I'.s.  students  (Koretz 
1991)  b'  ause  it  uses  a  carefully  selected  random  sample  and  is 
designi  represent  what  1  .s.  students  are  siipi  ■  setl  to  know. 


NAEP:  An  Indicator  of  Student  Achievement 

NAKP  is  the  Federal  Government’s  primary  indicator  of 
the  Nation’s  educational  achievement,  and  has  been 
used  to  monitor  student  achievement  in  mathematics, 
science,  reading,  writing,  and  other  subjects  for  nearly 
20  years. '  The  NAEP  tests  are  “low-stakes"  ones:  students 
are  randomly  selected  for  participation  in  NAEP  testing, 
and  their  performance  is  not  individually  scored.  (See 
“Student  Motivation  and  NAEP  Achievement.”)  The 
most  recent  mathematics  NAEP  was  administered  in 
1992,  and  its  results  are  reported  on  later  in  this  section. 
The  results  from  the  1990  assessments  in  mathematics 
and  science  tests  allowed  naep  to  perform  a  17-year 
trend  analysis  in  math,  and  a  20-year  trend  analysis  in 
science  (Frrs  1991b.).  The  results  of  these  trend  analyses 
are  discussed  below.* 

Trends  in  NAEP  Mathematics  and  Science  Test 
Achievement 

Average  Proficiency  Scores.  Average  mathematics 
proficiency  scores  (see  appendix  table  1-9)  for  9-year-old 
students  experienced  significant  gains  since  the  early 
1970s.  Scores  for  9-year-old  students  remained  stable  in 
the  1970s  and  increased  significantly  (11  points)  between 
1982  and  1990.  Scores  for  13-year-olds  improved  slightly 
after  1978  to  surpass  the  1973  level;  scores  for  17-year- 
olds  decreased  between  1973  and  1982,  and  then  by  1990, 
regained  the  ground  they  had  lost. 

Average  proficiency  scores  in  science  (see  appendix 


The  mathematics  NAEP  was  first  conducted  in  1972/73;  it  was  then 
conducted  every  4  years  between  1977/78  and  1989/90.  and  the  most 
recent  math  naep  was  administered  in  1992.  The  science  NAEP.  which 
began  in  1969/70.  has  followed  the  same  schedule  as  the  mathematics 
naep  since  1982;  it  was  not  conducted  in  1992. 

The  1990  NAEP  included  a  Trial  State  Assessment  Program  that 
assessed  mathematics  achievement  of  eighth  grade  public  school  stu¬ 
dents.  Thirty-seven  States  plus  the  District  of  Columbia,  (iuam.  and 
the  t  .S.  Virgin  Islands  volunteered  to  participate  in  this  program.  The 
1992  mathematics  NAE;p  included  a  somewhat  expanded  state  assess¬ 
ment  component;  this  tested  fourth  and  eighth  grade  students  in  41 
States  plus  the  District  of  Columbia,  (luam,  and  the  t  .s.  Virgin  Islands. 

The  NAEP  achievement  scales  range  from  0  to  .KK)  for  both  mathe¬ 
matics  and  science,  but  the  scales  are  not  equivalent.  Within  each  sub¬ 
ject.  the  scales  permit  comparison  among  groups,  such  as  grades  or 
demographic  subgroups.  The  1990  mathematics  scale  was  computed 
using  a  weighted  composite  of  proficiency  on  the  five  content  area  sub¬ 
scales;  numbers  and  operations;  measurement;  geometry;  data  analy¬ 
sis,  statistics,  and  probability;  and  algebra  and  ftinctions  {l-rrs  1991a). 
To  help  interpret  the  0-,500  point  scale.  NAEP  developed  characteriza¬ 
tions  of  two  scales — the  1990  mathematics  scale  and  the  trend  scale — 
using  proficiency  levels  which  represent  five  anchor  points  on  the  .100- 
point  scale  (Research.  Evaluation,  and  Dissemination  Division  1993). 
The  discussions  in  this  chapter  refer  to  the  trend  scale.  The  anchor 
descriptions  can  be  found  in  appendix  table  1-10. 

The  science  scale  was  computed  using  a  weighted  composite  of  profi¬ 
ciency  in  the  following  four  content  area  subscales:  life  sciences,  physi¬ 
cal  sciences,  earth  and  space  sciences,  and  nature  of  science  (nces 
1992e).  To  help  interpret  the  0  to  .100  point  scale  for  science.  NAEP 
developed  descriptions  associated  with  each  level  that  can  be  used  as 
guides  to  performances  typical  of  students  at  each  level.  Tlie  descri|> 
tions  of  these  anchor  points  can  be  found  in  appendix  table  1-12. 
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Student  Motivation  and  NAEP  Achievement 

Because  the  NAEP  tests  are  “low-stakes  tests,"  some 
researchers  have  argued  that  the  results  do  not  yield 
an  accurate  picture  of  students’  academic  achieve¬ 
ment.  The  1992  NAE;p  mathematics  assessment  added 
a  section  of  followup  questions  to  try  to  determine  stu¬ 
dent  motivation  for  doing  well  on  the  test.  (See  figure 
1-1.)  In  general,  the  data  collected  indicate  that  the 
scores  of  older  students  should  be  viewed  with  some 
caution,  but  overall  the  impact  of  any  lack  of  motiva¬ 
tion  of  NAEP  test  scores  remains  unknown. 

Nearly  half  (45  percent)  of  grade  12  students  and  20 
percent  of  grade  8  students  reported  that  they  did  not 
try  as  hard  on  the  math  NAEP  test  as  they  did  on  other 
math  tests  taken  in  school  that  year.  In  contrast,  only  10 
percent  of  grade  4  students  reported  not  trying  as  hard. 

Similarly,  31  percent  of  grade  12  students  and  13  per¬ 
cent  of  grade  8  students  reported  that  it  was  not  very 
important  for  them  to  perform  well  on  the  test,  while 
only  4  percent  of  grade  4  students  felt  the  same  way. 

Thus,  a  significant  number  of  older  students  may  not 
be  motivated  to  do  well  on  tests  like  NAEP,  and  their 
scores  may  reflect  this  lack  of  motivation.  However, 
those  12th  grade  students  who  reported  that  they  did 
not  try  as  hard  on  the  NAEP  math  test  as  they  did  on 
other  math  tests  actually  scored  an  average  of  27  points 
higher  than  students  who  reported  that  they  tried 
much  harder  and  21  points  higher  than  students  who 
reported  that  they  tried  harder  than  on  other  tests. 

Although  large  numbers  of  older  students  reported  a 
reduced  effort,  55  percent  of  grade  12  students,  79  per- 


table  1-9)  fell  in  the  197()s,  then  began  to  rise  after  1977  year-old  students  are  more  dramatic.  The  average  score 
for  students  at  ages  9  and  13.  By  1990,  the  average  for  students  in  the  .5th  percentile  increased  by  20  points 

scores  of  students  in  both  of  these  age  groups  had  while  the  scores  for  the  95th  percentile  decreased  by  7 

returned  to  their  1970  levels.  Scores  for  students  at  age  points  between  1978  and  1990.  The  differences  for  the 

17  continued  to  drop  until  1982 — a  22-point  drop  over  the  youngest  students  are  not  as  large.  These  trends  indi¬ 
period — then  regained  some  ground.  Their  scores  in  cate  that  the  differences  between  the  top  and  bottom  stu- 

1990  remained  still  significantly  below  the  1970  level  (15  dents  are  naiTowing  somewhat  (the  difference  remains 

points).  at  102  points  for  13-  and  17-year-olds)  and  that  any 

increases  in  the  average  mathematics  proficiency  scores 
Distributions  of  Average  Proficiency  Scores.  for  13-  and  17-year-old  students  are  occurring  among  stu- 

Although  average  proficiency  scores  provide  an  overall  dents  who  fall  below  the  .50th  percentile.  The  gains  made 

picture  of  achievement  trends  since  1970  for  science  and  by  these  students  may  be  attributable  to  the  past  focus 
since  1973  for  mathematics,  examining  the  trends  across  on  teaching  basic  skills. 

the  distribution  of  students  provides  more  information.  The  distributions  in  science  proficiency  scores  for  age  9 

For  all  three  age  groups,  average  mathematics  profit-  and  age  13  students  are  similar  to  those  in  mathematics, 

ciency  scores  for  students  below  the  .50th  percentile  but  the  trends  for  17-year-olds  break  the  pattern.  At  age 

increased  significantly  more  than  for  students  above  the  9  and  13,  the  average  score  for  students  in  the  .5th  per- 

.50th  percentile  between  1978  and  1990.  For  example,  at  centile  increased  10  and  17  points,  respectively.  Scores 

age  17,  the  average  for  students  in  the  .5th  percentile  at  the  9.5th  percentile  experienced  little,  if  any,  change 

increased  by  12  points  while  the  average  score  for  stu-  between  1977  and  1990.  The  average  scores  for  high 

dents  in  the  95th  percentile  remained  constant  between  school  students  (age  17)  moved  at  the  same  rate  across 

1978  and  K).  (See  figure  1-2.)  'Hie  differences  for  13-  the  distribution;  the  average  score  at  each  percentile 


cent  of  grade  8  students,  and  90  percent  of  grade  4  stu¬ 
dents  reported  that  they  tried  at  least  as  hard  or  harder 
on  the  NAEP  math  test  compared  with  other  math  tests 
taken  in  school.  Thus,  while  some  students  probably 
could  have  tried  harder  and  scored  higher,  the  majority 
of  students  reported  making  a  reasonable  effort. 


Figure  1-1. 

Students’  reported  effort  and  motivation  on  the 
NAEP  math  test 


Students  reporting 

Students  reporting  thst  it  was  very  important 

that  they  tried  much  harder  to  perform  well 


Percent  Percent 

NOTE:  Students  were  asked  how  hard  they  tried  on  the  NAEP  math 
test  compared  to  other  math  tests  taken  that  year  in  school. 

They  were  also  asked  how  important  they  felt  it  was  to  perform  well  on 
the  NAEP  math  test. 

See  appendix  tables  1-1  and  1-2. 
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Figure  1-2. 

Distribution  of  NAEP  test  scores:  Mathematics 
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See  appendix  tables  1-3,  1-4.  and  1-5. 
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decreased  until  1982,  then  slowly  reached  the  initial  1977 
level  by  1990.  (See  figure  1-3.) 

Proficiency  Levels.  The  nai;p  trend  data  also  provide 
a  look  at  shifts  in  the  percentage  of  students  who  reach 
each  proficiency  level.  (See  appendix  tables  1-10  and  1-12 
for  th  .athematics  and  science  proficiency  level  descrip¬ 


tions  used  through  1990.)  In  mathematics,  students  at  age 
17  have  shifted  slightly  from  lower  to  higher  levels  of 
mathematics.  Between  1978  and  1990,  fewer  17-year-old 
students  scored  only  at  level  200  where  they  were  devel¬ 
oping  an  understanding  of  addition  and  subtraction:  a 
greater  percentage  of  students  demonstrated  proficiency 
in  the  use  of  decimals,  fractions,  |)ercents,  geometric  tig- 
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Figure  1-3. 

Distribution  of  NAEP  test  scores:  Science 
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See  appendix  tables  1-6. 1-7,  and  1-8. 
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ures,  and  graphs  (level  3(X)).  However,  the  percentage  of 
students  who  could  solve  problems  in  algebra  and  geome¬ 
try  did  not  change  (level  3.b0) .  In  science,  no  real  shifts 
occurred.  (See  appendix  table  1-11.) 


Trends  in  Achievement  by  Sex 

Mathematics  Proficiency  Scores.  The  gap  between 
males  and  females  in  mathematics  scores  at  age  17,  nar¬ 
rowing  since  1973,  has  disappeared.  (St'e  appendix  table 
1-9.)  Scores  for  both  males  and  females  at  this  age 
decreased  in  the  197()s  and  returned  to  the  1973  levels 
by  1990.  Since  1973,  no  gap  between  9-  and  13-year-old 
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males  and  fetnales  has  existed  and  scttres  for  both  sexes 
have  increased.  Males  and  females  at  ajje  f)  had  the 
greatest  gains  (approximately  U)  points  each)  and  KV 
year-old  males  gained  b  points.  Only  13-year-old  females 
made  ito  real  improvement  over  the  1973  scores. 

Science  Proficiency  Scores.  In  science,  the  average 
proficiency  scores  for  both  sexes  followed  the  trends  t)f 
the  overall  populatitin;  declines  in  the  19T0s  followed  by 
increases  in  the  1980s.  At  age  13,  both  males  and 
females  declined  in  the  1970s,  but  increased  in  the 
1980s;  for  both  sexes,  the  1990  scores  were  about  the 
same  as  in  1970.  llie  gap  between  the  sexes  in  science 
has  been  maintained  since  1970  for  13-  and  17-year-old 
students;  only  at  age  9  is  there  no  such  gap.  Although 
females  have  made  gains  since  1982,  these  were  not  suf¬ 
ficient  to  eliminate  the  score  difference  between  the 
sexes. 

Proficiency  Levels.  Males  at  age  17  have  experi¬ 
enced  no  shifts  from  lower  to  higher  levels  of  achieve¬ 
ment  in  mathematics,  but  at  age  13,  they  show  a  pro¬ 
nounced  increase  (approximately  10  percentage  points) 
in  the  percentage  that  can  use  multiplication  and  division 
to  solve  problems  (level  250).  (St^e  appendix  tables  1-10 
and  1-11.)  A  larger  percentage  of  females  at  age  17  can 
use  fractions  and  decimals  (level  300)  than  could  in 
1978,  but  the  proportion  that  could  solve  algebra  and 
geometry  problems  (level  3.50)  did  not  change.  As  with 
the  males,  the  percentage  of  13-year-old  females  who  can 
use  multiplication  and  division  to  solve  problems  (level 
250)  increased  by  nearly  10  percent. 

In  science,  neither  male  nor  female  17-year-olds  expe¬ 
rienced  shifts  from  lower  to  higher  levels  of  achieve¬ 
ment.  (See  appendix  tables  1-12  and  1-13.)  However,  a 
greater  percentage  of  13-year-olds  of  both  sexes  were 
able  to  apply  and  interpret  general  scientific  infonnation 
(level  250). 

Trends  in  Achievement  by  Race/Ethnicity 

Mathematics  Proficiency  Scores.  Trends  in  matfie- 
matics  proficiency  scores  show  stability  for  white  stu¬ 
dents  and  improvement  for  black  and  Hispanic  students. 
Scores  for  black  students  have  improved  significantly 
(about  20  points)  since  1973  for  students  at  ages  9.  13. 
and  17.  Younger  Hispanic  students  (age  9  and  13)  and 
white  students  (age  9)  also  experienced  gains  in  their 
average  mathematics  proficiency  scores  while  scores  for 
the  older  students  remained  almost  constant. 

Science  Proficiency  Scores.  Tlie  trends  in  science 
are  less  positive.  Scores  for  white  students  declined  for 
all  age  groups  until  1982.  then  rebounded  for  the 
younger  students  (ages  9  and  13).  Although  scores  for 
17-year-old  white  students  also  increased  after  1982, 
their  -ores  remained  significantly  (11  points)  below  the 
1970  k  cl.  Scores  for  black  and  Hispanic  students  at  age 


17  also  declined  until  1982  but  returned  to  their  original 
level.  Only  younger  black  and  Hispanic  students  (age  9 
for  both  and  age  13  for  Hispanic)  experienced  real 
growth  over  the  197()’s  scores.  Although  the  average 
proficiency  scores  for  minority  17-yearH)ld  students  have 
been  increasing  in  mathematics  and  have  returned  to  the 
1970  level  in  science,  the  gap  between  white  and  minori¬ 
ty  students  in  both  subjects  ri'inains  significant. 

Distributions  of  Average  Proficiency  Scores. 

Kach  age  and  racial/ethnic  groui) — except  17-year-old 
Hispanics — has  experienced  a  narrowing  in  the  gap 
between  the  highest  and  lowest  achieving  students  in 
mathematics.  (See  figure  1-2.) 

Tile  most  striking  change  occurs  for  black  students. 
Blacks  havt'  large  increases  in  average  proficiency  over¬ 
all;  this  increase  is  especially  noticeable  among  those 
students  below  the  .5()th  percentile.  .Average  scores  for 
13-year-old  black  students  at  the  .5th  percentile  increased 
by  32  points  since  1978,  while  scores  at  the  95th  per¬ 
centile  showed  no  noticeable  improvement  (after 
accounting  for  standard  error).  For  black  students  at 
ages  9  and  17.  the  differences  in  gains  between  the  .5th 
and  95th  percentiles  were  approximately  1 1  points  each. 

Scores  for  white  students  of  all  ages  at  the  5th  per¬ 
centile  also  grew  more  rapidly  than  scores  for  those  at 
the  9.5th  percentile.  The  most  noteworthy  example  of 
this  is  for  13-year-olds,  whose  scores  for  the  5th  per¬ 
centile  increased  by  18  points,  compared  to  a  7-point 
decrease  for  students  at  the  95th  percentile. 

The  scores  for  Hispanic  students  varied  little  at  age 
17.  with  more  striking  gains  for  the  9-  and  13-year-old 
age  groups.  Tlie  difference  in  gains  between  the  .5th  and 
9.5th  percentile  for  Hispanic  9-year-olds  was  15  tx)ints;  it 
was  19  points  for  13-year-olds. 

In  science,  as  in  mathematics,  the  most  striking 
changes  were  for  13-year-old  students.  (See  figure  1-3.) 
For  black  and  Hispanic  students,  the  gains  for  students 
at  the  .5th  and  2.5th  percentiles  were  the  largest  (28  and 
21  points,  respectively,  for  blacks;  and  27  and  20  points, 
respectively,  for  Hispanics).  compared  to  no  gains  at  the 
95th  percentile  and  smaller  gains  (14  and  l(i  points, 
respectively)  at  the  75th  percentile.  White  students 
made  large  gains  at  the  5th  (18  points)  and  25th  per¬ 
centiles  (12  points) — particularly  when  taking  into  con¬ 
sideration  that  there  was  only  a  4-point  gain  at  the  75th 
percentile  and  no  real  movement  at  the  9.5th  percentile. 
Tlie  differences  in  the  gains  for  top  and  bottom  students 
at  age  9  were  also  noteworthy,  but  the  17-year-old  white 
and  Hispanic  students  experienced  no  real  change  at 
any  level  in  the  distribution.  Black  17-year-olds  did  not 


.‘MiIioukIi  then-  .ippcars  lo  lu'  an  H-|M>int  Rain  for  blacks  an<l  a  IL’- 
|K)inl  Rain  Ibr  Hispanics  at  the  li.nh  (x-rccnlilc.  the  standard  errors  are 
snlfick-ntly  larRe  to  i>revent  rei>oninR  these  as  real  Rains. 
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exhibit  this  trend:  Their  seores  improved  only  at  the 
50th  and  75th  percentiles. 

Proficiency  Leveis.  Some  shifts  from  lower  to  higher 
levels  of  proficiency  are  apparent  when  examining  the 
ptTcentage  of  students  reaching  each  level  of  proficien¬ 
cy.  (See  appendix  tables  1-10,  1-11,  1-12,  and  1-13.)  In 
mathematics,  13-  and  17-year-old  black  students  have 
experienced  the  largest  shifts  from  accomplishing  the 
basic  mathematics  tasks  to  accomplishing  more  intemie- 
diate  tasks.  ITie  percentage  of  13-year-old  black  students 
who  can  use  multiplication  and  division  to  solve  prob¬ 
lems  (level  250)  increased  from  26  percent  in  1978  to  45 
percent  in  1990,  and  the  number  of  17-year-olds  who  can 
do  the  same  increased  by  5  percent.  In  addition,  15  per¬ 
cent  more  17-year-old  black  students  demonstrated  profi¬ 
ciency  in  the  use  of  decimals,  fractions,  percents,  geo¬ 
metric  figures,  and  graphs  (level  ilOO)  compared  to  (  per¬ 
cent  more  white  students.  The  number  of  13-year-old 
white  and  Hispanic  students  who  can  use  multiplication 
and  division  to  solve  problems  (level  250)  increased  by 
10  and  18  points,  respectively. 

Reflecting  the  trends  of  the  overall  population,  shifts 
in  science  were  minimal  at  age  17.  Slightly  more  black 
students  were  able  to  apply  and  interpret  general  scien¬ 
tific  information  (level  250):  white  and  Hispanic  students 
experienced  no  shifts.  Tlie  percentages  of  Hispanic  and 
black  students  who  have  the  scientific  knowledge  to  inte¬ 
grate  scientific  information  and  draw  conclusions  (level 
350)  remained  low.  At  age  13,  the  shifts  to  higher  levels 
of  achievement  were  more  pronounced:  Each  racial/eth¬ 
nic  group  had  a  real  shift  in  the  percentage  of  students 
who  could  understand  and  apply  general  information 
from  life  and  physical  sciences  (lec  el  250) . 

Mathematics  Achievement  in  1992 

Proficiency  Versus  Achievement  Leveis.  The  find¬ 
ings  from  the  1992  mathematics  NAtP  used  some  of  the 
same  assessment  items  as  were  used  in  1990  to  allow  for 
measuring  trends:  additional  assessment  items  were  also 
developed  to  reflect  improvements  in  the  methods  of 
assessing  mathematical  achievement.’  Specifically,  the 
1992  assessment  was  expanded  to  include  geometric 
manipulatives  and  questions  requiring  students  to 
demonstrate — through  writing  and  diagrams — their 
mathematical  reasoning  and  problem-solving  abilities. 
The  1992  definition  of  proficiency  at  each  anchor  level 
reflects  this  change  in  the  assessment.  (See  appendix 
table  1-14.) 

Data  from  the  1992  mathematics  NAi;p  have  also  been 
analyzed  in  terms  of  newly  established  “achievement  lev¬ 
els,”  or  standards  of  student  performance  (NCKS  1993d). 


Atthougb  'here  appear  to  be  large  gains  at  the  .'■)th.  Z.'Slh.  and  %lh 
percentiles  standard  errors  are  sufficiently  large  to  prevent  rej^ort- 
ing  these  as  real  gains. 

The  lfW2  NAi;i’  was  released  in  April  19*12. 
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Tlie  proficiency  levels  (in  appendix  table  1-14)  describe 
what  students  know  and  can  do:  the  acbicicment  levels 
describe  what  students  should  know  and  should  be  able 
to  do  (NCKS  1993c).  The  achievement  levels  were  created 
by  the  .National  Assessment  Governing  Board  in  an 
attempt  to  characterize  the  student  performance  needed 
to  attain  basic,  proficient  (“solid  academic  achieve¬ 
ment").  or  advanced  levels  at  grades  4.  8,  and  12  (NCKS 
1993d).  'fhese  levels  are  defined  for  each  grade  level  in 
apptmdix  tables  1-1.5,  1-16,  and  1-17. 

Overview  of  1992  Achievement.  Overall,  average 
student  proficiency  increased  at  each  grade  level  by  5 
points  between  1990  and  1992.  The  proportion  of  4th 
grade  students  who  performed  at  or  above  level  200 
(addition,  subtraction,  and  simple  problem  solving)  and 
level  250  (multiplication,  division,  and  simple  measure¬ 
ment)  increased  by  5  percentage  points:  the  percentage 
of  8th  .crade  students  who  performed  at  or  above  level 
300  (fractions,  decimals,  and  percents)  increased  by  5 
percentage  points:  and  the  percentage  of  12th  grade  stu¬ 
dents  who  performed  at  or  above  levels  250  and  300 
increased  by  3  and  5  percentage  points,  respectively.  No 
real  movement  occuned  at  the  more  advanced  proficien¬ 
cy  levels.  (See  appendix  table  1-14.) 

In  terms  of  achievement  levels,  the  number  of  students 
who  scored  below  the  basic  level  in  1990  declined  by  at 
least  5  percentage  points  at  each  grade.  Concurrently, 
the  percentage  of  students  in  4th  and  12th  grades  who 
achieved  the  basic — and  in  all  grades  who  achieved  the 
proficient  level — increased.  There  was  no  change 
between  1990  and  1992  in  the  proportion  of  students 
who  reached  the  advanced  level.  (See  text  table  1-1.) 

Achievement  by  Sex.  Mathematics  performance  by 
both  male  and  female  students  at  all  gmdes  increased  by 
4  to  6  points  over  the  1990  scores,  lliese  increases  do 
not  reflect  an  increase  in  the  percentage  of  students 
reaching  the  advanced  level.  There  was  no  movement  in 
the  percentage  of  12th  grade  male  or  female  students 
who  reached  any  of  the  achievement  levels.  Eighth 
grade  females  and  fourth  grade  males  experienced  an 
increase  in  the  percent  of  students  reaching  the  profi¬ 
cient  level,  and  fourth  grade  males  and  females  experi¬ 
enced  an  increase  in  the  percent  who  reached  the  basic 
level.  (See  figure  1-4.) 

A  difference  by  sex  for  grade  12  does  exist,  with  male 
students  scoring  higher  than  females.  This  difference 
does  not  extend  to  grades  4  or  8.  More  12th  grade  males 
than  females  are  reaching  the  advanced  and  proficient 
levels,  but  about  the  same  percentages  of  4th  and  8th 
grade  males  and  females  are  reaching  the  proficient 
level. 

Achievement  by  Race/Ethnicity.  The  average  profi¬ 
ciency  scores  for  white  students  increased  in  all  grades, 
and  the  percentage  of  whites  reaching  or  surpassing 
basic  and  proficient  levels  increased  for  grades  4  and  8. 
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Text  table  1-1 . 

National  average  mathematics  proficiency  score  and  achievement  levels,  by  grade 


Grade 

Average  score 

Advanced 

Achievement  level' 

Proficient 

Basic 

Below  basic 

4 . 

.  1990 . 

. 213 

1 

Percent 

12 

41 

46 

1992 . 

.  218 

2 

16 

43 

39 

8 . 

.  1990 . 

. 263 

2 

18 

38 

42 

1992 

. 268 

4 

21 

38 

37 

12 . 

.  1990 . 

. 294 

2 

11 

46 

41 

1992 . 

. 299 

2 

14 

48 

3b 

Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level 
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Minorities,  on  tlio  otliei’  lian  I.  I'xperii'na'd  li'wer  j^ains: 
In  fact,  there  was  no  re:il  dillerence  at  all  in  minorities' 
liroficiency  scort's  or  acliie\r‘nient  levels  for  grades  1 
and  <S.  However,  tht're  was  a  sij^nillcanl  increase  at  .tirade 
12  in  avera>j:t‘  (iroficiency  scores  for  Hispanic  and  black 
students;  these  increased  7  points  each. 

Few  students  from  any  racial/i'thnic  Kroup  reached 
the  advanced  level  of  achievement,  but  larjrer  |)ercent- 
a«es  of  .‘\sians  and  whites  reached  this  level  than  of  stu¬ 
dents  in  the  other  racial/ethnic  groups.  Althoujjh  Asians 
and  whites  also  reached  the  proficient  level  in  j;reater 
numbers  than  did  the  other  students,  only  timonjr  eij^hth 
>rrad('  Asians  did  the  proportion  of  students  scorin.ir  at 
this  level  rise  above  one-thir  1,  Relatively  few  (under  10 
percent)  of  the  students  in  the  other  racial/ethnic 
fjroups  reached  the  proficient  tichievement  level,  while 
over  .'ll)  (lerceiit  of  these  students  scori'd  below  the  basic 
level.  (See  appendix  tables  l-l.n,  l-l(i,  and  1-17.' 

Student  Persistence  in  Math  and  Science  Courses 

Several  studies  have  demonstrated  a  stronjj  correla¬ 
tion  between  achievement  scores  and  the  number  and 
level  of  courses  taken,  nfis  correlation  holds  particularly 
tnie  for  science  and  math:  Hie  ^n'ater  the  numbiT  and 
the  more  advanced  level  of  mathematics  and  science 


'I'lu-  (lata  ill  lliis  si-ctiuii  arc  taken  Irum  the  l.iiiiKitudintil  Suiily  of 
.American  Vuiilh  (l.s.W)  and  the  Nalional  Educatinn  t.()nniliidinal  Study 
of  l!»cS,S  (m  i.mSS).  liej'inninn  in  fall  lUST.  I  cW  has  collecled  data  from 
appniximalely  .'i.lKHI  7lli  and  d.PPO  IPtli  >;ra(le  sU.deiils  rettardinK  ttieir 
science  and  malliemalics  atliindes,  achievemenl.  ,ind  career  plans.  In 
addition  to  sliideiil  achievement  lesis  and  attitndinal  (iiieslionnaire-'. 
inlormalion  has  been  collecled  each  year  from  each  student's  mathe- 
mtilics  and  science  teachers  and  Irom  one  parent.  M  I  s;,s,s  stirv'cyed 
l.’l..'>!l‘l  sitidenis  in  irraile  S  .and  Iheir  parents,  teachers,  and  m'IiooI 
administrators,  t  he  stndcnis  were  administered  tests  of  their  knowl¬ 
edge  of  eivhlh  tirade  science  and  mtilhi  rnalics  and  oilier  snhjecis.  Hie 
sjimpled  snhjecis  tire  beinti  tollowed  evei-v  11  yetirs  tliron.ilh  tailleile  tltld 
beyond  arn  ahont  their  protire-"  in  school,  their  ttspirttliotts.  their 
emiilosn,.  .it.  and  lactor--  that  .iffect  Iheir  tihilily  to  com))leie  liieir  edii- 
caliott. 


Figure  1-4. 

Average  achievement  levels  on  the  NAEP 
math  test:  1992 


Grade  H 


Grade  12 


O  Below  baste 
H  Basic 


□  Proficient 
I  I  Advanced 


See  appendix  tables  1  - 1 5  to  1  - 1 7 
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classes  a  student  takes  txiuates — on  averafrt' — to  higher 
scores  on  achitwement  tests.  (See  lljrure  1-,').)  However, 
data  from  the  M  isiiSS  first  foliowup  indicate  that  more 
advancetl  levels  of  courseUikinK  in  mathema'.ics  may  not 
always  correlate  to  higher  achievement  levels.  (See 
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Math  Coursetaking  and  Achievement:  New  Findings  From  NELS:88 


Findings  from  the  ni;ls:88  first  followup  survey  indi¬ 
cate  that  advanced  classes  will  only  lead  to  improved 
achievement  scores 

♦  if  students  have  a  strong  mathematical  background, 
or 

♦  if  students  are  taking  courses  appropriate  to  their 
level  of  proficiency. 

More  specifically,  the  data'  show  that  students  who 
were  not  proficient  at  decimals,  fractions,  and  roots  in 
the  8th  grade  were  equally  likely  by  the  10th  grade  to 
be  proficient  on  these  items  and  on  simple  and  com¬ 
plex  problem  solving  regardless  of  whether  they  took 
geometry,  algebra  II,  trigonometry  or  precalculus. 
Additionally,  students  who  took  these  courses  were 
five  times  more  likely  to  be  proficient  in  simple  and 
complex  problem  solving  than  those  who  took  only 
algebra  I.  On  the  other  hand,  students  who  were 
already  proficient  in  simple  problem  solving  in  the 
eighth  grade  were  significantly  more  likely  to  be  profi¬ 
cient  in  advanced  problem  solving  if  they  took 
trigonometry  than  if  they  took  algebra  I,  geometry 
and/or  algebra  II.  (See  figure  1-5.) 


Data  on  coursetaking  is  based  on  student  reports  of  their  course¬ 
taking  patterns.  Some  stinlents  may  have  misrepresented  the  cours¬ 
es  they  have  taken  due,  in  part,  to  changes  in  schedule,  failing  the 
course,  or  different  course  names. 


Figure  1-5. 

Percentage  of  10th  grade  students  who  are 
proficient  at  complex  problem  solving,  by  8th 
grade  proficiency  assessment  and  courses  taken 

Percentage  of  10th  graders  proficient  at  complex  problem  solving 


Algebra  I  only  Geometry/algebra  II  Trigonometry/ 

precalculus/ 

calculus 


Highest  level  of  course  taken  by  the  10th  grade 

SOURCE:  National  Center  for  Education  Statistics.  Changes  in  Math 
ProUciency  Between  8th  and  10th  grades  (Washington.  DC: 

Department  of  Education,  forthcoming). 
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“Math  Coursetaking  and  Achievement:  New  Findings 
From  NELS:88.”) 

According  to  the  High  School  and  Beyond  Study  of 
1986,'"  mathematics  was  the  subject  most  sensitive  to 
school  completion  and  further  coursetaking  (Secada 
1992).  And,  according  to  the  1990  High  School  Transcript 
Study  conducted  by  the  National  Center  for  Education 
Statistics,  more  students  were  taking  more  advanced 
courses  in  1990  than  in  1982.  (See  text  table  1-2.) 

According  to  a  recent  College  Board  study,  geometry, 
the  "gatekeeper"  for  college  enrollment,  was  completed 
by  9.3  percent  of  college-bound  seniors  (.NCKS  1992b). 
However,  of  both  college-  and  noncollege-bound  seniors, 
approximately  two-thirds  completed  a  geometry  course 


'nil'  ttigh  Sfhool  :in(l  Hcyond  Study  is  a  nalioiiiil  longitudinal  sur¬ 
vey  conducted  by  the  National  Center  for  Kductition  Statistics  to  cai> 
ture  changes  in  educational  conditions,  federal  and  slate  programs, 
students'  school  ex|X‘rierices.  and  future  educational  and  occupational 
goals  and  plans.  The  siudy  began  in  lOkO  with  a  tot:il  of  58.270  stu¬ 
dents  in  grades  10  and  12:  four  followup  studies  (in  1082,  1984,  1980. 
and  1992)  v  ■  subse(|uently  completed.  Survey  instniments  included 
student  (pn  nnaires  with  cognitive  tests,  school  administrattir  .and 
parent  questionnaires,  and  a  teacher  comment  checklist. 


or  above.  Data  from  the  1990  N.Ai;!’  indicated  that,  nation¬ 
ally.  67  percent  of  17-year-olds  had  taken  geometry  or 
higher  and  fewer  than  10  percent  reported  that  they  had 
taken  precalculus  or  calculus  (NCOS  1992b).  Findings 
from  the  1990  High  School  Transcript  Study  corroborate 
these  findings. 

There  is  little  difference  between  the  percentages  of 
white  and  black  17-year-old  students  who  are  taking 
these  more  advanced  mathematics  courses,  and  signifi¬ 
cantly  fewer  Hispanic  students  take  the  courses. 
Approximately  two-thirds  of  white  and  black  students 
have  taken  geometry  or  higher,  compared  to  just  over 
half  of  Hispanic  students.  However,  the  average  achieve¬ 
ment  scores  for  white  students  are  significantly  (over  20 
points)  above  both  black  and  Hispanic  students’  average 
achievement  scores.  This  may  be  due  to  the  fact  that 
white  students  are  placed  in  higher  level  mathematics 
classes  while  in  the  middle  schools  so  they  have  more 
opportunity  to  develop  a  strong  background  in  mathe¬ 
matics.  According  to  m;ls:88  data,  eighth  grade  minori¬ 
ty  students  were  placed  in  lower  level  mathematics 
classes  at  a  rate  much  higher  than  their  white  peers. 
For  example,  black  and  Hispanic  eighth  grade  students 
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Text  table  1-2. 

Trends  in  mathematics  coursetaking 


Student  enrollment 

Course  1982  1987  1990 


-  Percent  - 

Algebra  1 .  65  76  77 

Algebra  II .  35  47  49 

Geometry .  46  61  65 

Calculus .  5  6  7 


SOURCE:  National  Center  for  Education  Statistics.  1990  High  School 
Transcript  Study.  January  1993. 
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were  nearly  twice  as  likely  as  white  students  to  be  placed 
in  remedial  mathematics  classes  (NCKS  19920- 

In  science,  enrollments  in  biolojry  increased  between 
1982  and  1990  by  17  and  19  percent  in  chemistry.  Ninety- 
two  percent  of  graduates  had  taken  biology,  while  50 
percent  had  taken  chemistry.  However,  only  21  percent 
of  graduates  took  physics.  (See  text  table  1-3.)  The 
coursetaking  patterns  differ  little  by  sex.  but  there  are 
differences  by  race/ethnicity.  Only  in  physics  does  the 
pattern  differ  for  males  and  females;  a  greater  proportion 
of  males  than  females  have  taken  physics  (25  and  18  per¬ 
cent.  respectively).  Asian  graduates  have  taken  chem¬ 
istry  and  physics  at  a  much  higher  rate  than  their  coun¬ 
terparts  (04  percent  of  Asians  took  chemistry,  and  38 
percent  took  physics) .  Tliese  were  followed  by  white  stu¬ 
dents  (.52  percent  of  whom  took  chemistry,  and  23  per¬ 
cent  of  whom  took  physics) .  Approximately  40  percent  of 
black  and  Hispanic  students  have  taken  chemistry  by 
graduation,  and  fewer  than  15  percent  have  taken 
physics. 

Student  Attitudes  Toward  Math  and  Science 

Student  attitudes  toward  mathematics  and  science — 
and  their  understanding  of  the  relevance  of  these  sub¬ 
jects  to  their  future  aspirations — affect  students’  enthusi¬ 
asm  for  studying  math  and  science,  and  help  detennine 
whether  they  will  continue  on  to  more  advanced  studies 
in  these  fields.  (For  a  new  perspective  on  this  issue,  see 
“Student  SME  Intentions  Change  Over  Time.")  In  addi¬ 
tion.  counseling  from  teachers  can  determine  whether 
students  will  take  the  more  advanced  courses. 

One  explanation  of  why  so  few  students  are  taking 
advanced  courses  in  science  and  math  may  be  the  low  lev¬ 
els  of  students  who  think  these  courses  are  necessary  for 
their  planned  careers.  Relatively  few  students  seem  to 
understand  the  relationship  between  advanced  math  and 
science  courses  and  careers  in  science,  engineering,  or 
the  health  professions.  Data  from  the  Longitudinal  .Study 
of  American  Youth  (Ls.A^■)  show  that  in  1990.  28  percent  of 
all  ser  ■.  who  were  not  enrolled  in  a  mathematics  or  sci¬ 
ence  course  that  semester  did  not  feel  that  they  needed 


Text  table  1-3. 

Trends  in  science  coursetaking 


Student  enrollment 


Course  1982  1987  1990 


Percent 

Biology .  75  88  92 

Chemistry .  31  45  50 

Physics .  14  20  21 


NOTE:  Data  represent  percentage  ot  17-year-old  students  who  have 
studied  these  supjecis  for  1  year  or  more. 

SOURCE:  National  Center  for  Education  Statistics.  1990  High  School 
Transcript  Study,  January  1993. 
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advanced  mathematics  for  what  they  plan  to  do  in  the 
future,  and  39  percent  of  these  seniors  said  they  would 
not  need  advanced  science.  '  In  addition,  approximately  30 
percent  of  these  students  were  advised  by  teachers  and 
counselors  that  they  did  not  need  to  take  any  more  mathe¬ 
matics  or  science. 

Even  among  students  who  expect  to  become  scien¬ 
tists.  the  proportion  who  believe  that  advanced  mathe¬ 
matics  or  science  is  necessary  to  their  careers  is  below 
75  percent.  Of  those  12th  grade  students  who  plan  to 
become  scientists,  less  than  two-thirds  said  they  needed 
specific  advanced  mathematics  and  science  courses  in 
high  school.  .Slightly  more  students  who  planned  to 
become  engineers  knew  they  needed  the  advanced 
mathematics  and  science  courses.  (See  text  table  1-4.) 

Between  1978  and  1990.  student  beliefs  regarding  the 
relevance  of  mathematics  and  science  coursework  to  their 
lives  and  careers  changed  only  slightly.  (See  text  table 
T.5.)  The  proportion  of  17-year-old  students  indicating  that 
they  would  like  to  take  more  mathematics  classes 
remained  constant  during  this  period,  as  did  the  propor¬ 
tion  of  17-year-olds  who  felt  they  were  good  at  this  sub¬ 
ject.  Interestingly,  among  13-year-olds,  tbe  proportion  that 
wanted  to  take  more  math  classes  decreased  by  7  jjercent, 
while  the  proportion  that  felt  they  were  good  at  math 
increased  by  b  percent  (in's  1991).  'fhe  percentage  of  stu¬ 
dents  indicating  that  they  were  taking  mathematics  “only 
because  I  have  to”  stayed  the  same  for  both  age  groups 
from  1978  to  1990.  In  science,  over  half  of  the  17-y('ar-olds 
surveyed  felt  that  what  they  learned  in  science  classes  is 
useful  in  everyday  life;  nearly  two-thirds  felt  that  what 
they  learned  in  science  classes  will  be  useful  in  the  future. 
These  numbers  were  constant  from  1978  to  1990. 

Yet  student  attitudes  toward  mathematics  and  science 
are  generally  positive.  The  LS.AY  data  indicate  that  most 
students  enjoy  studying  mathematics  and  science  as 
much  as  they  do  studying  English  and  social  studies. 
Students  at  all  levels  of  coursework  and  achievement 


Sc<-  appiMulix  tables  L’-l.')  and  J-lli  lor  more  information  on  Ibis 
point. 


Science  <S  Engineering  Indicators  -  1993 


•  13 


Student  SME  Intentions  Change  Over  Time 

Educators  have  long  assumed  that  college  students  majors  had  different  plans  as  high  school  sophomores 

who  major  in  science,  mathematics,  or  engineering  or  changed  their  minds  several  times  during  their  aca- 

(SMK)  are  made  up  of  a  core  of  students  who  became  demic  careers.  Nearly  60  percent  of  those  who  eventu- 

interested  in  these  fields  early  on.  However,  data  ally  went  on  to  major  in  SME  had  no  plans  to  do  so 

drawn  from  the  1986  third  followup  of  the  High  School  when  they  were  high  school  sophomores.  Indeed, 

and  Beyond  1980  sophomore  cohort  suggest  that  com-  nearly  as  many  students  decided  to  major  in  SME  after 

paratively  few  students  stay  with  their  early  interests.  their  sophomore  year  of  college  as  stayed  with  a  deci- 

(See  figure  1-6.)  Only  18  percent  of  the  high  school  sion  to  major  in  SME  as  high  school  sophomores.  This 

sophomores  who  said  in  1980  that  they  planned  an  finding  suggests  that  educators  concerned  about  the 

SME  major  remained  in  SME  by  1986.  (Students  who  development  of  engineers,  mathematicians,  and  scien- 

were  sophomores  in  1980  would,  presumably,  be  col-  fists  for  the  future  need  to  look  to  other  fields  and  help 

lege  seniors  by  1986  if  they  continued  directly  from  smooth  the  transition  of  students  from  one  major  to 

high  school  through  college.)  Thus,  82  percent  of  SME  another. 

Figure  1-6, 

Percentage  of  1980  high  school  sophomores  who  indicated  in  1980, 1982, 1984,  and  1986 
whether  they  had  plans  to  enter  SME  as  their  field  of  study 

1980  1982  1984  1986 

High  school  High  school  College  College 


Percent  of  1980  high  school  -  -  - 

sophomores  planning  to  study  SME;  13.3%  8.9%  6.7% 


•  Assumes  that  students  continued  their  education  without  a  gap. 

NOTE:  SME  =  Science,  mathematics,  or  engineering. 

SOURCE:  T.  B.  Hoffer.  "Career  Choice  Models  Based  on  the  High  School  and  Beyond,"  paper  presented  at  the  annual  meeting  of  the 
American  Educational  Research  Association,  April  1993. 
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Text  table  1-4. 

High  school  seniors  who  feel  they  need  advanced 
mathematics  and  science  courses  for  a  planned 
career  in  science  or  engineering 


Planning  a  career  in 

Course  Science  Engineering 


- Percent - 

Algebra .  57  72 

Geometry .  49  71 

Trigonometry .  66  74 

Calculus .  52  78 

Biology .  59  26 

Chemistry .  57  58 

Physics .  63  81 


SOURCES:  J.  D.  Miller,  et  al.,  Longitudinal  Study  of  American  Youth 
Codebook  (Dekalb,  IL:  Social  Science  Research  Institute.  Northern 
Illinois  University,  1992);  and  unpublished  tabulations. 
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Text  table  1-5. 

Student  attitudes  toward  mathematics  and  science 


Agree  or  strongly  agree 


Statement 

Age  13 

Age  17 

1  would  like  to  take  more 

1978.  .  . 

—  Percent — 
.  50  39 

mathematics. 

1990.  .  . 

. 43* 

37 

1  am  taking  mathematics 

1978.  .  . 

. 29 

27 

only  because  1  have  to. 

1990.  .  . 

. 28 

27 

1  am  good  at  mathematics. 

1978.  .  . 

. 65 

54 

1990.  .  . 

. 71* 

58 

Much  of  what  you  learn 

in  science  classes  is  useful 

1977.  .  . 

. 58 

53 

in  everyday  life. 

1990.  .  . 

. 52* 

52 

Much  of  what  you  learn  in 

science  classes  will  be 

1977.  .  . 

. 75 

65 

useful  in  the  future. 

1990.  .  . 

. 72 

66 

NOTE;  *=  statistically  significant  difference  between  1977/78  and  1990. 
SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress 
(Washington,  DC:  National  Center  for  Education  Statistics,  1991). 
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find  mathematics  and  science  courses  to  be  much  more 
challenging  than  English  or  social  studies  courses.  The 
NEIi>:88  data  show  that  over  half  (57  percent)  of  eighth 
grade  students  look  forward  to  mathematics  class,  and 
63  percent  look  forward  to  science  class.  Nearly  90  per¬ 
cent  of  these  eighth  graders  felt  that  mathematics  is 
important  to  their  future,  and  70  percent  felt  that  science 
is  important  to  their  future. 


Trends  Among  Higher  Achieving  Students: 
SAT  Scores 

The  Scholastic  Aptitude  Test  is  taken  by  many  college- 
bound  seniors;  as  such,  it  measures  the  mathematics 
and  verbal  skills  of  the  Nation’s  high-achieving  students. 
The  SAT  is,  however,  a  rather  limited  indicator  of 
achievement.  It  measures  a  narrow  range  of  academical¬ 
ly  oriented  skills,  does  not  test  a  national  sample  of  stu¬ 
dents,  and  has  been  accused  of  being  racially  and  sexual¬ 
ly  biased.  Also,  it  is  a  multiple  choice  test;  later  in  this 
chapter,  the  utility  of  such  tests  is  challenged.  (See 
“Improvements  in  Assessing  Achievement.")  Despite 
these  concerns,  the  SAT  scores  have  been  shown  to  be  a 
good  predictor  of  students’  college  success.  Test  scores 
are  better  at  predicting  academic  success  at  selective 
universities  than  any  other  criteria  (Klitgaard  1984).  SAT 
results  are  particularly  useful  predictors  of  success 
because  they  allow  for  examination  of  the  full  distribu¬ 
tion  of  test-takers,  as  well  as  by  such  factors  as  race,  sex, 
and  socioeconomic  status. 

Scores  by  Sex.  In  1992,  more  females  than  males 
took  the  SAT;  however,  the  mean  score  for  males  was  43 
points  higher  than  that  for  females.  (See  figure  1-7.)  In 
addition,  females  are  underrepresented  among  the  high¬ 
est  scorers.  While  24  percent  of  males  scored  at  or  above 
6(X)  on  the  math  SAT,  only  13  percent  of  women  scored 
that  high.  At  first  glance,  this  gap  seems  inconsistent 
with  the  smaller  gaps  found  in  the  by-sex  comparisons. 
In  part,  this  difference  may  stem  fi'om  the  very  nature  of 
the  tests  themselves:  NAEP  identifies  trends  in  academic 
progress,  while  the  SAT  predicts  college  performance. 


Figure  1-7. 

Distribution  of  math  SAT  scores,  by  sex:  1992 


Number  of  students 


See  appendix  table  1-18.  Science  &  Engineering  Indicators  -  1993 
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More  importantly.  NAI-;i’  does  not  ask  questions  requir¬ 
ing  advanced  mathematics  skills  and  therefore  does  not 
differentiate  among  the  highest  achieving  students.  The 
SAI  requires  more  advanced  skills,  but  is  still  somewhat 
limited  in  its  ability  to  disaggregate  the  highest  scorers. 

Although  strong  gains  were  evident  in  the  nakp  math¬ 
ematics  scores  and  the  sex  gap  seems  to  be  closing,  the 
significant  gap  among  the  highest  scorers  suggests  that 
much  more  needs  to  be  done  if  the  full  potential  of  half 
of  the  population  is  to  be  tapped. 

Scores  by  Race/Ethnicity.  While  the  gap  in  the  sat 

mathematics  scores  between  males  and  females  is  signif¬ 
icant,  the  gap  between  whites  and  Asians  on  the  one 
hand,  and  blacks,  Mexican  Americans,  Latin  Americans. 
Puerto  Ricans,  and  Native  Americans  on  the  other  hand, 
is  very  large.  A  high  percentage  of  Asian  students  scored 
extremely  well  on  the  math  SAT  in  1992.  Black  test-takers 
did  not  score  particularly  well  as  a  group,  with  small 
numbers  of  high  scorers  and  large  numbers  of  low  scor¬ 
ers.  White  test-takers’  overall  scores  fell  in  between 
those  of  Asians  and  blacks. 

Figure  1-8  shows  6-year  trends  in  the  distribution  of 
SAT  math  scores  and  changes  in  the  number  of  test-tak¬ 
ers  for  each  racial/ethnic  group.  In  the  case  of  whites, 
there  was  an  overall  decline  in  the  number  of  test-takers 


and  some  declines  in  the  proportion  scoring  between 
250  and  450,  as  well  as  those  scoring  between  550  and 
650.  By  contrast,  the  number  of  black  test-takers 
increased,  as  did  the  number  scoring  between  3(X)  and 
500.  Although  the  overall  performance  of  blacks  has 
improved,  there  has  been  little  progress  made  toward 
raising  the  number  of  high-scoring  blacks. 

Asians  not  only  outscored  all  other  groups  on  the 
mathematics  sat  from  1987  through  1992.  they  are  also 
widening  the  gap  between  themselves  and  all  other 
groups.  More  Asians  are  taking  the  test  and  are  scoring 
at  the  highest  levels.  Indeed,  the  proportion  of  Asians 
scoring  750  or  more  almost  doubled  during  the  period, 
rising  from  3  to  5  percent.  At  the  same  time,  the  percent¬ 
age  of  Asians  scoring  below  450  dropped  from  30  per¬ 
cent  in  1987  to  27  percent  in  1992. 

Mexican  Americans.  Latin  Americans,  and  Puerto 
Ricans  all  had  increases  in  the  number  of  test-takers. 
While  all  three  groups  continue  to  lag  behind  the  nation¬ 
al  average,  Latin  Americans  and  Mexican  Americans 
scored  better  than  Puerto  Ricans. 

The  decline  in  the  number  of  Native  Americans  taking 
the  SAT  is  of  particular  concern  and  warrants  further 
investigation. 

In  comparing  scores  among  the  highest  scoring  stu¬ 
dents  in  each  racial/ethnic  group,  certain  patterns 


Figure  1-8. 

Distribution  of  SAT  math  scores,  by  race/ethnicity 


All  students 

Number  of  students 
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See  e-'-^ndix  tables  1-19  to  1-23. 
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emerge.  (See  figure  1-9.)  Large  gaps  exist  between  non- 
Asian  minorities  and  whites;  another  gap  is  growing 
between  Asians  and  all  other  groups.  Given  the  Nation’s 
ongoing  demographic  changes,  these  gaps  among  the 
highest  scorers  have  important  consequences  for  the 
pool  of  future  I'.s.  scientists  and  engineers. 

The  total  number  of  Asians  scoring  at  high  levels  on 
the  math  SA'l'  has  increased  dramatically — Asians  have 
had  a  46-percent  increase  in  the  number  of  students 
scoring  above  600  on  the  mathematics  sat  since  1987. 
By  contrast,  blacks  had  a  22-percent  increase,  and  whites 
a  16-percent  decrease,  in  the  total  number  of  test-takers 
scoring  above  600.  However,  the  slight  increase  in  the 
percentages  of  blacks  and  Puerto  Ricans  scoring  at  or 
above  6(X)  on  the  math  SAT  from  1987  to  1992 — and  the 
slight  decline  among  whites,  Mexican  Americans,  and 
Latin  Americans — suggests  a  lack  of  progress  in  increas¬ 
ing  the  portion  of  ll.s.  students  likely  to  be  well-prepared 
for  college-level  work  in  mathematics  or  the  sciences. 
Note  that  the  2-percentage  point  increase  for  Native 
Americans  reflects  a  decline  in  the  number  of  test-takers,  rather 
than  an  increase  in  the  number  who  scored  at  or  above  6(X). 

Engineering  is  a  field  that  often  attracts  the  Nation’s 
top  mathematics  and  science  students.  Therefore,  stu¬ 
dents  who  indicate  a  planned  major  in  engineering  are 
likely  to  be  top  scorers  on  the  mathematics  sat.  Among 
students  indicating  that  they  intended  to  major  in  engi¬ 
neering,  there  were  significant  gaps  in  the  mean  SAT 
mathematics  scores  between  whites  and  Asians,  on  the 


Figure  1-9. 

Students  who  scored  600  or  more  on  the  math  SAT 


Percent 


See  appendix  tables  1-19  to  1-23. 
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one  hand,  and  between  Native  Americans,  blacks, 
Mexican  Americans,  Puerto  Ricans,  and  Latin  Americans 
on  the  other  hand.  In  addition,  the  mean  score  of  Asian 
students  intending  to  major  in  engineering  increased 
more  rapidly  than  that  of  any  other  group,  moving  them 
well  ahead  of  whites  and  further  widening  the  gap 
between  them  and  the  other  racial/ethnic  groups. 

International  Comparisons  of  Achievement 

Elementary-  and  secondary-age  students  in  many 
industrialized  Asian  and  European  nations  have  consis¬ 
tently  outperformed  their  u.s.  peers  in  international 
mathematics  and  science  tests.  Despite  the  various  data- 
related  weaknesses  that  limit  these  international  compar¬ 
isons  (Medrich  and  Griffith  1992),  the  results  suggest 
that — at  best — u.s.  student  performance  on  these  tests 
has  been  relatively  mediocre.  Poor  sample  quality  and 
student  selectivity  alone  cannot  explain  the  superior  per¬ 
formances  demonstrated  by  students  in  some  countries 
(Bradbum,  as  cited  in  Rothman  1992).  The  consistency 
of  the  international  findings,  along  with  the  magnitude  of 
the  differences  in  scores  between  the  highest  achieving 
countries  and  the  United  States,  “suggests  that  there  is 
an  important  underlying  theme  of  lagging  U.s.  perfor¬ 
mance”  (Medrich  and  Griffith  1992). 

The  1981  Second  International  Mathematics  Study 
(SIMS)  and  1984  Second  International  Science  Study 
(siss),  which  measured  mathematics  achievement 
among  13-year-olds  and  science  achievement  among  10- 
and  14-year-olds,  indicated  large  differences  in  the  mean 
scores  between  the  United  States  and  the  top-scoring 
countries.  These  studies  also  measured  the  mathematics 
and  science  achievement  of  students  in  their  last  year  of 
secondary  school;  however,  “meaningful  comparisons  of 
achievement  are  especially  difficult  for  this  group" 
(McKnight  et  al.  1989,  p.  27)  due  to  the  sampling  and 
selectivity  problems  that  plague  cross-national  studies  of 
the  achievement  of  older  students.  Nevertheless,  the  rel¬ 
atively  low  performance  of  u.s.  students  was  consistent 
across  subject  areas  and  age  groups  in  both  the  siMS  and 
SISS;  this  was  in  keeping  with  the  findings  of  the 
International  Assessment  of  Educational  Progress 
(Lapointe,  Askew,  and  Mead  1992a)  that  was  conducted 
among  students  representing  a  different  set  of  countries 
and  age  groups. 

lAEP  1991  Comparisons.  The  IAEP  examined  the 
mathematics  and  science  achievement  of  9-  and  13-year- 
olds  in  20  different  countries.'  '  However,  any  useful  com¬ 
parison  of  the  achievement  of  students  in  these  countries 
must  take  into  consideration  the  various  factors  that  may 
have  contributed  to  apparent  variations  in  achievement 


'These  countries  were  Brazil,  Canada,  China,  England.  France, 
Hungary,  Ireland,  Israel,  Italy,  Jordon,  Mozambique,  Portugal, 
Scotland,  Slovenia,  South  Korea,  Soviet  Union,  Spain,  Switzerland, 
Taiwan,  and  the  United  States. 
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Text  table  1-6. 

Percentage  of  items  correct  on  the  International 
Asseeament  of  Educational  Progress  math  and 
science  tests:  1991 


9-yeaf-olds  13-year-olds 

Country  Math  Science  Math  Science 


Percent 


Canada  . 

. .  .  .  60 

63 

62 

69 

France . 

.  .  .  .  — 

— 

64 

69 

Hungary . 

. ...  68 

63 

68 

73 

Ireland . 

....  60 

57 

61 

63 

Israel . 

.  ...  64 

61 

63 

70 

Jordon . 

.  .  .  .  - 

— 

40 

57 

Scotland . 

.  .  .  .  — 

— 

61 

68 

Slovenia . 

....  56 

58 

57 

70 

South  Korea . 

....  75 

68 

73 

78 

Spain . 

....  62 

62 

55 

68 

Taiwan . 

....  68 

67 

73 

76 

United  States .... 

. ...  58 

65 

55 

67 

SOURCE:  A.E.  Lapointe,  J.M.  Askew,  and  N.  A.  Mead.  Learning 
Mathematics  (Princeton:  Educational  Testing  Service.  1992).  and 
Learning  Science  (Princeton:  Educational  Testing  Service,  1 992). 
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levels.  These  include  the  methodological  limitations  of 
the  samples  in  some  countries,  low  participation  rates  in 
others,  and  the  differences  among  the  nations  in  terms 
of  their  wealth  and  economic  development — a  particular¬ 
ly  important  element,  given  the  strong  positive  correla¬ 
tion  that  exists  between  economic  status  and  academic 
achievement  (NSF  1992). 

Text  table  1-6  presents  achievement  data  from  only 
those  countries  that  were  most  similar  to  the  United 
States  in  terms  of  sample  definitions  and  selection,  par¬ 
ticipation  rates,  and  economic  status.  Restricting  the 


sample  to  these  countries  allows  for  a  more  meaningful 
analysis  of  comparative  student  achievement  (.NSF  1992). 

Although  the  United  States  achieved  near  the  levels  of 
the  South  Koreans  and  Taiwanese  in  science  at  the  9- 
year-old  level,  they  were  unable  to  demonstrate  this  level 
of  achievement  at  the  13-year-old  level.  As  table  1-6  illus¬ 
trates,  U.s.  students  were  outperformed  by  most  of  their 
international  peers  in  both  mathematics  and  science  at 
the  13-year-old  level,  and  in  mathematics  at  the  9-year- 
old  level. 

Mathematics:  Grades  1  and  5.  Other,  smaller  inter¬ 
national  studies  conducted  over  the  past  10  years  have 
found  similar  achievement  trends  among  Asian  and  I'.s. 
students.'  In  studies  of  first  and  fifth  grade  students  in 
Minneapolis,  Minnesota;  Sendai,  Japan:  and  Taipei, 
Taiwan;"  U.s.  students  scored  below  their  Japanese  and 
Taiwanese  peers  in  mathematics  in  1980,  1984,  and  1990 
(Stevenson.  Chen,  and  Lee  1993).  (See  figure  1-10.)  The 
low  levels  of  achievement  in  Minneapolis  are  of  concern, 
because  Minnesota  students  rank  high  among  the  States 
in  mathematics  achievement  and  Minnesota  has  the 
highest  high  school  graduation  rate  in  the  country. 
Figure  1-10  illustrates  the  distribution  of  scores  on  the 
math  test  and  includes  comparisons  between  fifth  grade 
Minneapolis  students  and  students  in  Taipei  (Taiwan), 
Sendai  Gapan),  and  Szeged  (Hungary). 


'These  studies  have  generally  taken  specific  steps  to  address  the 
typical  criticisms  leveled  against  cross-national  comparisons — e.g.. 
that  tests  included  items  that  students  have  not  studied,  or  that  stu¬ 
dent  samples  were  not  selected  in  identical  ways  across  countries 
(Stevenson  1993). 

"These  cities  were  selected  as  “prototypic  metropolitan  areas" 
because  nationwide  sampling  was  not  feasible  due  to  financial  and 
logistic  constraints.  In  each  city,  the  researchers  selected  a  representa¬ 
tive  sample  of  the  city's  schools. 


Figure  1-10. 

Mathematics  scores  for  grade  5  students  in  Minneapolis,  Taipei,  Sendai,  and  Szeged:  1990 


Percent 


Percent 


Percent 


Score  Interval  Score  Interval 


Score  interval 


SOURC  '.W.  Stevenson  and  S.  Lee.  The  Learning  Gap  Widens"  (in  preparation). 
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Chapter  1  Elementary  and  Secondary  Science  and  Mathematics  Education 


leachers  and  teaching 

ioituher  Cltaiactei  istics 

Althoiitili  IS  am  usually  the  locus  of  most  dis- 

,  lus'uiiis  i>t  school  stailiuy:,  it  is  important  to  remember 
ilial  (he  2,(''>i(i.(Ki(i  I  S.  leachers  work  with  KW.OOO  prin¬ 
cipals,  8(i.()(i()  miidaiice  counselors,  Th.OdO  librarians 
and  media  peisonnel,  lOh.OOd  otlier  professionals, 
|l!d, ()(•()  teacher  aides,  and  lh<S,()0()  other  noninstriic- 
(ional  personnel  (\i  i  s  Ihhdb)  Without  minimizin/i  the 
iuiporlanci'  of  these  almost  l.li  million  other  people  who 
dueclly  patlicipalt'  in  student  education,  this  section 
locust's  ou  tlu'  characleristif-  of  the  teaching  force — 
paiticularly  (host'  ol  mathematics  aud  science  teachers. 

Sex  and  Minority  Status.  In  lht»l.  SS  percent  of  all 
elementtiry  school  leaclu'is  were  women,  as  were  .%  per¬ 
cent  of  all  secoudai  _\  -;ehool  leachei  s  1992).  W'omen 
weic  less  likt'iy  to  he  mathematics  or  science  specialists 

the  elemenlaiy  grades  or  mathematics  or  scieiu't' 
hots  in  the  secondaiy  jjrades.  (See  tl>rure  Ml.)  At 
secoiulai  y  school  level,  wtimeii  were  more  underrep- 
I  esented  ainou,rt  chetuisliy  aud  physics  teachers. 

.Minorities  ate  also  underreinest'nted  among  sec¬ 
ondary  school  science  teachers.  Only  1 1  percent  of  high 


Figure  1-11. 

Percent  female  of  all  teachers  of  math  or  science 
who  teach  those  subjects  as  their  main  or  secondary 
assignment;  1987-88 


Percent 

100  r- 


NOTE:  Data  are  for  all  teachers  whose  main  or  secondary  assignment 
is  in  math  or  science. 

See  appr’-'''x  table  1-26.  Science  S  Engineering  Indicators  -  1993 


Figure  1-12. 

Percent  minority  for  students  and  teachers 
In  grades  9-12 


High 

school 

Teachers 

Math  ll°o  : 

Biology  10%  :  I  i  i  i 

Chemistry 

Physics  j  4°o  :  :  :  :  ;  ; 

All  high  M  :  :  :  :  : 

school  °  ; 

_ I _ i _ I _ i _ I _ ! _ I - i _ I _ : _ J - : 

0  5  10  15  20  25  30  35 

Percent  minority 

NOTE:  Data  are  for  all  teachers  whose  main  or  secondary  assignment 
is  in  math  or  science. 

SOURCES:  (Teachers)  State  Departments  of  Education,  Fall  1989: 
(Students)  NCES,  Schools  and  Staffing  Survey,  1990-91 .  Council  of 
Chief  State  School  Officers.  State  Education  Assessment  Center. 
Washington,  DC,  1993. 
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school  math  teachers,  and  only  4  percent  of  high  school 
physics  teachers,  are  minorities.  (See  figure  1-12.)'  ’ 

Education  and  Preparation.  The  combination  of 
well-prepared  teachers,  effective  curricula,  supportive 
institutions,  and  motivated  students  is  essential  to 
improvement  in  mathematics  and  science  achievement 
for  all  students.  (See  “Teacher  Expertise  and  High 
Student  Achievement.")  Well-prepared  teachers  are 
those  who  have  been  drawn  to  the  profession  because  of 
both  commitment  and  talent,  thoroughly  trained  in  both 
pedagogy  and  the  disciplines,  and  continually  given 
opportunities  for  intellectual  and  professional  growth. 
Unfortunately,  this  definition  of  the  well-prepared  teach¬ 
er  is  frequently  inconsistent  with  the  qualifications  and 
experience  of  most  u..s.  teachers. 

About  60  percent  of  mathematics  and  science  special¬ 
ists  at  the  elementary  grades  received  their  bachelors 
degrees  in  elementary  education.  (See  appendix  table 
1-27.)  Although  course  requirements  vary  at  different 
higher  education  institutions,  it  is  likely  that  those 
receiving  degrees  in  elementary  education  were 


For  additional  inldniiation  on  minority  Icaoliers,  sec  appendix 
tables  1-'J4  and  l-'d5. 
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Teacher  Expertise  and  High  Student  Achievement 


Although  teachers  are  key  figures  in  improving 
mathematics  and  science  learning,  their  expertise  is 
only  one  of  the  many  elements  in  the  configuration  of 
school,  community,  and  family  resources  that  affect 
student  achievement.  The  by-state  comparisons  of  the 
1992  NAEP  mathematics  assessment  illustrate  the 
point. 

Iowa  students  had  the  highest  average  NAEP  math 
score  in  the  country  at  grade  8  and  the  second  highest 
average  score  at  grade  4.  Washington,  D.C.,  students 


had  the  lowest  average  scores  at  both  grades.  Yet  a 
higher  percentage  of  the  fourth  and  eighth  grade 
teachers  in  Washington  held  advanced  degrees  and 
reported  more  hours  of  inservice  training  than  did 
Iowa  teachers.  (Both  groups  of  teachers  reported 
about  the  same  number  of  years  of  experience.)  Also, 
Washington,  D.C.,  teachers  reportedly  devoted  more 
time  to  mathematics  instruction  per  week  and 
assigned  more  minutes  of  mathematics  homework  per 
day  than  did  Iowa  teachers. 


required  to  take  fewer  math  and  science  courses  than 
those  majoring  in  mathematics  or  science.  Moreover, 
the  mathematics  and  verbal  SAI'  scores  of  college-bound 
seniors  planning  to  major  in  education  were  significantly 
lower  than  the  average  scores  of  all  students."'  (Sec  text 
table  1-7.) 

Data  suggest  that  the  science  and  mathematics  prepa¬ 
ration  of  some  middle  school  teachers  is  not  strong. 
Only  about  40  percent  of  grade  7-8  science  teachers 
received  their  bachelors  degrees  in  science  or  science 
education,  and  fewer  than  40  percent  of  grade  7-8  mathe¬ 
matics  teachers  received  their  degree  in  either  mathe¬ 
matics  or  mathematics  education. 

Among  secondary  school  teachers,  the  percentage 
who  taught  in  the  field  in  which  they  were  trained  varied 
by  subject  area.  (See  appendix  table  1-27.)  While  fewer 
than  20  percent  of  earth  science  teachers  held  subject 
matter  degrees  in  their  discipline,  about  60  percent  of 
biology  teachers  did  so.  Fewer  than  40  percent  of  chem¬ 
istry,  physics,  and  mathematics  teachers  held  subject 
matter  degrees  in  their  respective  disciplines. 

Poor  and  non-Asian  minority  students  are  more  likely 
than  other  students  to  be  taught  by  teachers  who  majored 
in  education  only  or  in  a  subject  different  from  the  one 
they  teach.  (See  text  table  1-8.)  Eighth  grade  white.  Asian, 
and  high  socioeconomic  status  students  were  much  more 
likely  to  be  taught  math  by  teachers  who  majored  in  math¬ 
ematics  or  mathematics  education  than  were  blacks, 
Hispanics,  or  Native  Americans.  Additionally,  the  qualifi¬ 
cations  of  secondary  mathematics  and  science  teachers 
may  differ  depending  on  the  racial  composition  of  a 
school.  Students  attending  schools  with  a  high  percent¬ 
age  of  minority  students  are  less  likely  to  be  taught  by 
mathematics  and  science  teachers  with  a  masters 


Although  these  scores  should  be  considered  with  caution,  it  is  not 
surprising  that  many  of  the  most  well-prep;ired  college-bound  students 
aspire  to  i  '  r  fields.  'Idle  starting  salaries  for  new  teachers  remain 
significant  wer  than  those  offered  in  many  other  fields.  (See  chai> 
ter  d.) 


degree,  bach-elors  degree,  or  certification  in  their 
assigned  field.  (See  figure  1-13.) 

International  Comparisons  of  Teachers 

In  their  studies  of  educational  systems  in  the  United 
States.  Japan,  Taiwan,  and  China,  Stevenson  and  Stigler 
(1992)  provide  detailed  descriptions  of  how  teachers' 
pre-  and  in-service  training,  instructional  practices,  and 
working  conditions  differ  between  countries,  and  how 
these  factors  may  contribute  to  variations  in  teacher 
effectiveness  and  student  achievement.'' 

Professional  Development.  In  general,  teachers  in 
the  Asian  countries  surveyed  have  fewer  years  of  formal 


'  Eor  pur|)oscs  of  this  discussion,  data  from  China  and  Taiwan  are 
not  discussed  separately. 


Text  table  1-7. 

Average  SAT  scores  for  students  planning 
an  education  major 

Students  planning 

an  education  major  Ail  students 
Verbal  Math  Verbal  Math 


1982  .  394  419  426  467 

1983  .  394  418  425  468 

1984  .  398  425  426  471 

1985  .  404  432  431  475 

1986  .  NA  NA  430  476 

1987  .  408  437  430  476 

1988  .  407  442  428  476 

1989  .  406  440  427  476 

1990  .  406  442  424  476 

1991  .  406  441  422  474 


NA  =  not  available 

SOURCE:  The  College  Board,  College-Bound  Seniors:  Profile  of  SAT 
and  Achievement  Test  Takers,  annual  series  (Princeton:  Educational 
Testing  Service,  1982-91). 
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Chapter  1  Elementary  and  Secondary  Science  and  Mathematics  Education 


Text  table  1-8. 

Proportion  of  eighth  graders  whose  math  teachers  majored/minored  in  math:  1988 


Student/schoot  characteristic 

Major  in 
math/math  ed. 

Teacher 

Minor  in 
math/math  ed. 

Major  in 
education 

Other 

major 

Ail  students . 

.  43.3 

. - .  Percent 

27.1 

18.2 

11.4 

Race/ethnicity 

White . 

.  45.7 

27.2 

17.7 

9.4 

Asian . 

.  44.1 

23.5 

15,0 

17.5 

Stack . 

.  40.0 

26.6 

21.5 

12.9 

Hispanic . 

.  33.3 

28.5 

17.5 

20.8 

Native  American . 

.  30.5 

23.5 

23,4 

226 

Socioeconomic  status 

Low . 

.  38.5 

25.9 

23.1 

12.6 

Middte . 

.  43.2 

27.7 

17.7 

11.4 

High . 

.  49,8 

26.2 

13.2 

9.8 

SOURCE;  Research.  Evaluation,  and  Dissemination  Division,  Indicators  of  Science  and  Mathematics  Education  1992.  NSF  93-95  (Washington.  DC:  National 
Science  Foundation,  1993). 
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Figure  1-13. 

Qualifications  of  secondary  math  and  science 
teachers  by  school  raciai/ethnic  composition 


Percent 
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SOURCES:  J.  Oakes,  Multiplying  Inequalities:  The  Effects  of  Race. 
Social  Class,  and  Tracking  on  Opportunities  to  Learn  Mathematics  and 
Science.  (Santa  Monica,  CA:  Rand.  1990),  p.  61;  and  Council  of  Chief 
State  SchMl  Officers,  State  Indicators  of  Science  and  Mathematics 
Education  1993  (Washington.  DC:  1993). 
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Masters  degree  in  assigned  iield 
Bachelors  degree  in  assigned  iield 


90-100% 

minority 


50-90% 

minority 


10-50% 

minority 


0-10% 

minority 


School  raciaVethnIc  composition 


education  than  do  their  r.s.  c()unten)ans.  'Hiey  are  more 
likely  to  have  majored  in  the  liberal  arts  than  in  educa¬ 
tion.  and  generally  have  taken  mort*  courses  in  such  sub¬ 
stantive  areas  as  mathematics,  literature,  etc.,  than  have 
f.s.  teachers,  who  take  many  more  teaching  methodolo¬ 
gy  courses.  While  in  the  United  States  formal  teacher 
training  usually  ends  after  ;i  teaching  certificate  has  been 
earned,  "the  real  training  of  .Asian  teachers  occurs  in 
their  on-the-job  experience  after  graduating  from  col¬ 
lege"  (Stevenson  and  Stigler  1092.  p.  159).  Asian  teach¬ 
ers  receive  much  more  extensive  support  and  assistance 
from  knowledgeable  and  skilled  "master"  teachers  at 
their  schools  during  their  first  few  years  in  the  class¬ 
room  than  do  I  .s.  teachers,  and  a  high  level  of  interac¬ 
tion  and  communication  among  teachers  typifies  the 
experience  of  Asian  teachers  throughout  their  careers. 
For  example,  in  Japan,  meetings  to  discuss  teaching 
techniques  or  to  constiiict  plans  for  specific  lessons  are 
frequently  organized  by  school  vice  principals  and  head 
teachers;  teachers  also  regularly  observe  their  peers 
informally  as  they  teach,  offering  encouragement  as  well 
as  suggestions  for  improvement  (Stevenson  and  Stigler 
1992). 

Working  Conditions.  I'eacher  schedules,  the  organi¬ 
zation  of  the  school  day,  iind  the  physical  structure  of 
schools  appear  to  contribute  to  the  sense  of  professional 
isolation  experienced  by  many  I  .s.  teachers.  Although 
Japanese  and  Chinese  elementary’  school  teachers  have 
longer  formal  workdays,  they  ti-ach  fewer  hours  than  do 
their  l'.,s.  peers  (Stigler  and  Stevenson  1991).  While  most 
I'.s.  elementary  school  teachers  iirejiare  lessons  and 
grade  iiajiers  at  home  because  their  teachin.g  responsi¬ 
bilities  tend  to  prohibit  their  comiileting  thesi'  duties 


Science  &  Engineering  Indicators  -  1993 


•  21 


during  the  day,  Japanese  and  Chinese  teachers  use  their 
nonteaching  hours  during  the  workday  to  not  only  grade 
papers,  but  also  to  prepare  and  discuss  lessons  with 
other  teachers  and  share  materials  and  techniques  with 
them  (Stevenson  and  Stigler  1991).  Specially  designated 
teacher  rooms  at  each  school,  which  are  equipped  with  a 
desk  for  each  teacher,  facilitate  Asian  teachers’  efforts  to 
communicate  with  each  other,  and  to  provide  and 
receive  assistance  as  needed.  In  contrast,  the  physical 
structure  of  elementary  schools  in  the  United  States, 
which  often  lack  a  common  work  area  for  teachers,  cre¬ 
ates  few  opportunities  for  regular  teacher  exchange 
(Sato  and  McLaughlin  1992). 

Other  features  of  the  Chinese  and  Japanese  education 
systems  also  help  enhance  teachers’  working  conditions. 
For  example,  to  help  avoid  the  “burnout”  that  may  result 
from  teaching  the  same  subjects  at  the  same  grade  level 
at  the  same  school  over  an  extended  period  of  time, 
Japanese  teachers  follow  the  same  group  of  students  for 
two  or  three  grades.  Also,  their  teaching  assignments 
are  rotated,  from  grade  to  grade  and  school  to  school,  in 
3-  to  7-year  cycles  (Stevenson  and  Stigler  1992). 
Professional  advancement  is  also  handled  differently.  In 
Japan,  success  as  a  classroom  teacher  is  one  of  the  pri¬ 
mary  requirements  for  advancement  to  a  supervisory  or 
administrative  position;  in  the  United  States,  coursework 
in  educational  administration  is  more  strongly  empha¬ 
sized  (Stevenson  and  Stigler  1992).  Thus,  U.s.  teachers 
lack  some  of  the  motivation  to  enhance  their  teaching 
skills  that  their  Asian  counterparts  enjoy. 

Classroom  Practices.  In  an  attempt  to  understand 
the  relatively  poor  performance  of  U.s.  first  and  fifth 
graders  in  mathematics,  Stigler  and  Stevenson  (1991) 
examined  how  the  subject  is  taught  in  classrooms  in  the 
Taipei,  Taiwan;  Sendai,  Japan;  Beijing,  China;  and 
Minneapolis  and  Chicago  metropolitan  areas.  They 
observed  differences  in  lesson  coherency,  classroom 
organization,  teacher  responses  to  academic  diversity, 
use  of  real-world  problems  and  objects,  and  teacher/ stu¬ 
dent  roles.  Highlights  of  these  findings  are  detailed 
below. 

The  researchers  reported  that  classes  in  Japan  and 
China  were  more  coherent;  Lessons  had  a  clear  begin¬ 
ning,  middle,  and  conclusion,  and  instruction  was  rarely 
(less  than  10  percent  of  the  time)  disrupted  by  irrelevant 
comments  by  teachers  or  by  outsiders  entering  the 
room  for  some  unrelated  purpose.  In  contrast,  in  the 
United  States,  such  interruptions  occurred  in  20  percent 
of  the  first  grade  classrooms,  and  47  percent  of  the  fifth 
grade  classrooms  studied  (Stigler  and  Stevenson  1991). 
Coherence  was  also  negatively  affected  by  teachers  shift¬ 
ing  frequently  from  topic  to  topic  during  the  course  of  a 
single  lesson.  Stigler  and  Stevenson  report  that  “such 
changes  in  topic  were  responsible  for  21  percent  of  the 
changes  in  segments  that  we  observed  in  American 
classrc  s  but  accounted  for  only  4  percent  of  the 
changes  in  segments  in  the  Japanese  classrooms” 


(p.  16),  Asian  teachers  tended  to  introduce  new  activities 
and  materials,  rather  than  new  topics,  as  a  mean  of  hold¬ 
ing  students’  attention  throughout  a  lesson  (Stigler  and 
Stevenson  1991). 

Asian  teachers,  who  have  greater  amounts  of  non¬ 
teaching  time  during  the  day,  use  a  portion  of  this  time 
to  work  with  individual  students  who  are  experiencing 
academic  difficulties  (Stigler  and  Stevenson  1991). 
During  their  regular  classes,  they  focus  instruction  on 
the  whole  group  without  regard  to  academic  differences 
and  try  to  meet  diverse  academic  needs  by  varying 
teaching  techniques  and  materials,  u.s.  teachers,  on  the 
other  hand,  tend  not  to  view  whole-group  instruction  as 
well-suited  to  addressing  diversity;  they  attempt  to  meet 
diverse  student  needs  through  individual  instruction  in 
the  classroom  (Stigler  and  Stevenson  1991). 

The  teaching  techniques  used  in  China  and  Japan  are 
often  recommended  by  U.s,  educators  as  well.  U.s. 
teachers  do  not  have  the  same  training  and  support  as 
their  Asian  peers,  and  lack  the  time  and  opportunity  pro¬ 
vided  to  Asian  teachers  to  hone  their  teaching  skills.  In 
addition,  the  heavy  teaching  load  of  u.s.  elementary 
teachers  further  detracts  from  their  ability  to  implement 
a  well-planned  lesson  effectively  (Stigler  and  Stevenson 
1992). 

Instructional  Methods  and  Teaching  Toois 

Classroom  Activities.  Recent  studies  show  that  chil¬ 
dren  learn  from  a  variety  of  learning  activities,  including 
drills  to  strengthen  basic  skills  and  other  activities  to 
develop  more  complex  reasoning  capabilities.  In  recogni¬ 
tion  of  this,  the  National  Council  of  Teachers  of  Mathe¬ 
matics  (NCTM)  endorsed  a  new  direction  in  teaching 
mathematics  that  de-emphasizes  drill  and  practice  and 
emphasizes  goals  of  conceptual  understanding  and  prob¬ 
lem  solving. 

In  the  past,  instruction  focused  almost  exclusively  on 
basic  skills,  which  provided  strong  results  on  basic 
skills  tests  but  may  limit  student  proficiency  in  more 
advanced  skills  such  as  mathematical  reasoning 
(Knapp,  Shields,  and  Turnbull  1992).  A  1992  study 
found  that  students  who  are  exposed  to  instruction  that 
emphasizes  “meaning  and  understanding"  score  better 
on  standardized  tests  of  advanced  academic  skills  than 
students  who  are  in  classrooms  that  emphasize  arith¬ 
metic  skills.  The  study  also  determined  that  the  focus 
on  meaning  and  understanding  does  not  hinder  profi¬ 
ciency  in  basic  skills  but  instead  facilitates  proficiency  in 
basic  skills. 

Currently,  instruction  in  mathematics  and  science 
classrooms  is  moving  slowly  toward  more  student  dis¬ 
cussion  and  increased  student  involvement  in  the  learn¬ 
ing  activities.  ETS  (1991)  reported  a  significant  increase 
between  1978  and  1990  in  discussion  opportunities  for 
17-year-olds  in  mathematics  classes  (51  to  63  percent). 
However,  the  percentage  of  students  who  make  reports 
or  do  projects  on  mathematics  was  very  low  (5  percent). 
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Most  students  (approximately  85  percent)  reported  that 
they  spend  most  of  the  time  listening  to  the  teacher 
explain  mathematics  lessons,  watch  the  teachers  work 
mathematics  problems  on  the  board,  and  take  mathe¬ 
matics  tests  (NCKS  1992b).  Nearly  40  percent  of  students 
in  eighth  grade  spend  less  than  half  of  their  time  in 
mathematics  classes  in  whole  groups,  indicating  that 
these  students  are  working  in  small  groups  or  alone 
(.NCKS  19920.  (See  figure  1-14.) 

Science  activities  for  elementary  students  are  important 
because  they  stimulate  student  interest  in  science  and  pro¬ 
vide  a  base  for  future  science  learning  (Bybee  and  Landes 
1990).  Data  from  in's  (1991)  show  that  the  percentage  of  9- 
year-old  students  who  do  scientific  experiments  has 
remained  stable  or  decreased  since  1977,  but  the  percent¬ 
age  of  students  who  have  used  thennometers  and  micro¬ 
scopes  has  increased.  The  proportion  who  use  calculators 
remained  stable  (NCES  1992b).  (See  text  table  1-9.) 

At  the  higher  grade  levels,  students  do  not  participate 
in  many  science  activities;  the  classes  consist  primarily 
of  a  teacher  lecturing,  trrs  (1991)  found  that  61  percent 
of  8th  grade  students  and  76  percent  of  12th  graders 
reported  that  their  teachers  lectured  in  science  class  sev¬ 
eral  times  a  week  or  more.  Fewer  than  half  of  these  stu¬ 
dents  reported  that  they  were  asked  to  do  the  following 


Figure  1-14. 

Mathematics  classroom  activities  as  reported  by 
17-year-olds 


Percentage  of  students  who  answered  “often" 


SOURCE.  Educational  Testing  Service.  Trends  in  Academic  Progress 
(Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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Text  table  1-9. 

Participation  of  9-year-old  students  in 
science  activities 


Activity 

1977 

1990 

Percentage  ot  students 

Experimented  with  living  plants .  .  . 

70 

64* 

Experimented  with  batteries 
and  bulbs . 

51 

47 

Used  a  thermometer . 

84 

91* 

Used  a  microscope . 

53 

63* 

NOTE:  •  =  stastically  significant  difference  between  1977  and  1990 
SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress 
(Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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activities  several  times  a  week  or  more;  asked  about  rea¬ 
sons  for  experimental  results,  to  write  an  experiment,  or 
are  asked  their  opinion  on  science  issues.  More  students 
participated  in  these  activities  once  a  week  or  less.  (See 
figure  1-15.) 

As  part  of  its  curriculum  and  instruction  recommenda¬ 
tions,  NCTM  suggested  that  the  mathematics  curriculum 
be  updated  to  include  technology  such  as  computers  and 
calculators  in  the  classroom.  NC'I'M  recommends  that 

♦  appropriate  calculators  be  available  to  all  students 
at  all  times, 

♦  every  classroom  have  a  computer  for  demonstration 
purposes, 

♦  every  student  have  access  to  a  computer  for  individ¬ 
ual  and  group  work. 

♦  all  students  learn  to  use  the  computer  as  a  tool  for 
processing  information  and  performing  calculations 
to  investigate  and  solve  problems,  and 

♦  students  be  able  to  understand  when  to  use  the  var¬ 
ious  technologies  for  problem-solving  (NCK.S  1992c). 

Use  of  Computers.'^  The  availability  and  use  of  com¬ 
puters  in  the  classroom  is  on  the  rise.  Since  the  early 
1980s,  the  number  of  computers  in  schools  has 
increased  from  approximately  50,000  to  2,400,000  in 
1989.  During  this  period,  the  way  in  which  computers 
are  used  in  school  has  changed.  In  1983,  when  few  com¬ 
puters  were  available,  schools  tried  to  provide  a  taste  of 
computer  experience  to  as  many  students  as  possible, 
without  providing  competence  for  any  student.  By  1985, 
schools  had  more  computers,  and  teachers  were  using 
them  to  enhance  their  students’  daily  lessons.  The  com¬ 
puters  were  seldom  used,  however,  to  provide  instruc¬ 
tion  in  conventional  school  subjects.  By  1989,  computer 


^llif  (lata  in  this  Sfiliiin  arc  I'roin  Becker  (19!)1). 
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Figure  t-15. 

Student  reports  on  instructional  approaches  used 
in  science  class 


In  tcianc*  clau,  how  oftan  doaa  your  taachar . . . 


Grades 


Demonstrate  a 
scientific  principle 

Ask  atx>ut  reasons  lor 
experimental  results 

Ask  you  to  write  up 
an  experiment 

Ask  for  an  opinion  on 
a  science  issue 


Percent 


Grade  12 


Demonstrate  a 
scientific  principle 

Ask  about  reasons  for 
experimental  results 

Ask  you  to  write  up 
an  experiment 

Ask  lor  an  opinion  on 
a  science  issue 


Percent 


SOURCE:  National  Center  for  Education  Statistics,  The  1990  Science 
Report  Card  (Washington.  DC:  U.S.  Department  of  Education.  1992), 
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laboratories  were  more  common,  and  elementary  school 
students  were  using  computers  to  practice  their  basic 
skills.  (See  text  table  1-10.) 

The  most  current  data  indicate  that  students  mostly 
use  computers  to  learn  computer-specific  skills  such  as 
word  processing  or  database  programs.  The  use  of  com¬ 
puters  is  infrequent  in  mathematics  and  science  classes 
compared  with  their  use  in  computer  classes;  only  8  per¬ 
cent  of  mathematics  and  5  percent  of  science  class  time 
was  spent  using  computers.  During  the  1988/89  school 
year,  42  percent  of  all  mathematics  teachers  and  36  per¬ 
cent  of  all  science  teachers  said  they  used  computers  in 
at  least  one  class;  however,  the  computer  instruction 
tends  not  to  be  integrated  with  subject  matter. 

KTS  (1991)  found  that  34  percent  of  fourth  grade  and 
21  percent  of  eighth  grade  students  have  computers 
available  in  their  classrooms.  An  additional  47  percent  of 
fourth  grade  and  .52  percent  of  eighth  grade  students 
have  computers  available  in  the  school,  but  they  are  diffi¬ 
cult  to  access.  These  data  indicate  that  fourth  grade  stu¬ 
dents  ir  omputers  much  more  frequently  than  eighth 
grade  stuuents  to  solve  mathematics  problems.  Only  12 


percent  of  eighth  grade  students  use  computers  for  30 
minutes  or  more  each  week  to  solve  mathematics  prob¬ 
lems  compared  to  4 1  percent  of  fourth  graders.  Almost 
three-quarters  of  eighth  grade  students  do  not  use  com¬ 
puters  at  all  to  solve  mathematics  problems  in  class  com¬ 
pared  to  only  31  percent  of  fourth  graders. 

Use  of  Calculators.  Students  generally  have  access 
to  calculators  either  at  school  or  at  home,  yet  this  does 
not  translate  into  increased  calculator  use  in  the  schools. 
Although  about  half  of  all  fourth  and  eighth  grade  stu¬ 
dents  have  access  to  school-owned  calculators,  only  3 
percent  of  fourth  graders  and  19  percent  of  eighth 
graders  are  allowed  to  use  these  calculators  in  math 
class  on  a  regular  basis  (NCHS  1992c).  Forty-seven  per¬ 
cent  of  fourth  graders  and  22  percent  of  eighth  graders 
have  never  been  asked  to  use  a  calculator  in  math  class. 
Twelfth  grade  students  tend  to  use  calculators  more  ft'e- 
quently  than  4th  and  8th.  (See  figure  1-16.)  Over  half  (58 
percent)  of  12th  graders  said  they  use  calculators  at  least 
several  times  a  week,  and  20  percent  said  they  use  them 
weekly.  Nevertheless,  only  44  percent  of  8th  graders  and 
30  percent  of  12th  graders  were  able  to  distinguish  when 
to  use  a  scientific  calculator  on  most  of  the  NAEP  items 
designed  for  calculator  use. 

International  Comparisons  of  Instructional 
Practices 

Asian  classes  are  larger  than  those  in  the  United 
States  and  involve  more  direct  instruction  from  teachers. 
Yet  within  this  setting,  Asian  teachers  incorporate  high 
levels  of  student  participation  and  problem  solving.  For 
example,  teachers  led  students'  activities  90  percent  of 
the  time  in  Taiwan,  74  percent  of  the  time  in  Japan,  and 
only  46  percent  of  the  time  in  the  United  States;  instruc¬ 
tion  was  self-directed  9  percent  of  the  time  in  Taiwan,  26 
percent  of  the  time  in  Japan,  and  51  percent  of  the  time 
in  the  United  States. 


Text  table  1-10. 

Availability  and  use  of  computers  in  grade  4 
and  8  classrooms:  1990 


Availability/use  Grade  4  Grade  8 

Computers  available  in  classroom .  34  21 

Computers  available  in  school 

but  difficult  to  access .  47  52 

Use  computers  30  minutes  or  more 
each  week  to  solve  math  problems  ...  41  12 

Do  not  use  computers  at  all  to 

solve  math  problems  in  class .  31  73 


SOURCE:  Educational  Testing  Sen/ice.  Trends  in  Academic  Progress 
(Washington,  DC:  National  Center  for  Education  Statistics,  1991). 
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Figure  1-16. 

Ptcsntag*  of  otudonta  reporting  using  a  calculator 

aavaral  timaa  a  waak 


Grade  4  Grade  8  Grade  12  ■  Grade  12  ■ 
all  students  students 
taking  math 


SOURCE:  National  Center  for  Education  Statistics.  The  State 
of  Mathematics  Achievement,  (Washington.  DC:  Department 
of  Education.  1991). 
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I'.s.  students  engaged  in  longer  periods  of  desk  work 
and  practice  than  did  their  Asian  peers;  In  nearly  half  of 
the  fifth  grade  classes  studied,  this  work  was  never  eval¬ 
uated  or  discussed  (Stigler  and  Stevenson  1991).  On  the 
other  hand,  Asian  teachers  tended  to  lead  more  whole- 
class  discussions  and  problem-solving  exercises,  pose 
more  provocative  and  interesting  questions,  and  inter¬ 
sperse  the  lessons  with  short  periods  of  desk  work  that 
were  evaluated  or  discussed  in  nearly  all  of  the  class¬ 
rooms  (Stigler  and  Stevenson  1991). 

A«ian  elementary  students  are  frequently  required  to 
discuss  and  evaluate  the  ideas  and  solutions  that  they 
and  their  classmates  propose  in  mathematics  classes, 
thus  improving  their  individual  understanding  of  and 
interest  in  mathematics  and  increasing  the  class's  overall 
level  of  motivation  (Stigler  and  Stevenson  1992).  While 
there  is  a  great  deal  of  interaction  between  teachers  and 
students  in  mathematics  classes  in  the  United  States,  the 
nature  of  the  questions  posed  and  answers  given  is  quite 
different  (Stigler  and  Stevenson  1992).  Questions  gener¬ 
ally  elicit  very  short  answers,  with  an  emphasis  on  “cor- 
rectnt  rather  than  on  the  thought  processes  involved. 
Also,  while  Chinese  and  Japanese  teachers  tended  to 


view  student  errors  as  "an  index  of  what  still  needs  to  be 
learned,"  l  .s.  teachers  tended  to  inti-niret  errors  as  "an 
indication  of  failure  in  learning  the  lesson"  (Stigler  and 
Stevenson  1992,  p.  40). 

Teachers'  use  of  real-world  problems  and  objects  dif¬ 
fer  somewhat  in  Asian  and  t  .s.  classrooms.  Although 
teachers  in  <-ach  country  rely  on  the  manipulation  of  con¬ 
crete  objects  to  teach  mathematics  to  elementary  stu¬ 
dents.  teachers  in  the  United  S'ates  are  less  likely  to  use 
them  (Stigler  and  Stevenson  1W)1).  Hiose  r.s.  teachers 
who  do  use  concrete  objects  tend  to  use  a  variety  of  dif¬ 
ferent  tyiK’s  as  they  teach  different  concepts — e.g..  mar¬ 
bles  to  teach  addition,  and  sticks  to  teach  multiplication. 
Asian  teachers  tend  to  use  the  samt*  objects  to  teach 
each  topic  as  they  believe  that  switching  represetitations 
may  confuse  their  students  (Stigler  and  Stevenson  1991). 

Beyond  the  Classroom:  Students’ 
Out-of-Schooi  Experiences 

A  student’s  activities  and  experiences  outside  of 
school  may  significantly  enhance  or  hinder  his  or  her 
academic  success.  A  review  of  the  research  literature 
(Adelman  et  al.  1992)  indicates,  for  example,  that  a  fami¬ 
ly’.  socioeconomic  sfatus,  culture,  and/or  behavioral  pat¬ 
terns  can  all  have  a  significant  impact  on  the  school 
achievement  of  its  school-age  members.  In  addition  to 
the  family,  there  are  other  individuals,  organizations, 
and  institutions  that  are  able  to  provide  specific  learning 
opportunities,  or  encourage  and  provide  examples  of 
intellectually  enhancing  attitudes  and  behaviors;  the 
extent  to  which  an  individual  is  willing,  or  able,  to  take 
advantage  of  these  opportunities  may  have  far-reaching 
and  profound  effects  on  his  intellectual  growth  and 
development. 

Parental  Attitudes  and  Support 

In  their  study  of  academic  achievement  among  stu¬ 
dents  in  Minneapolis,  Sendai,  and  Taipei,  .Stevenson, 
Chen,  and  I,ee  (1993)  administered  a  test  of  students' 
general  informational  knowledge  that  would  not  normal¬ 
ly  have  been  acquired  through  regular  schooling. 
Interestingly,  the  American  students  outperformed  their 
Asian  peers  in  kindergarten  and  the  first  grade. 
American  superiority  on  the  general  information  test 
continued  to  be  evident  through  the  11th  grade, 
although  there  was  a  nan  owing  of  the  achievement  gap 
(Stevenson,  Chen,  and  U-e  1993).  The  researchers  con¬ 
cluded; 

“We  attribute  the  early  superiority  of  the  American 
children  to  the  greater  cognitive  stimulation  provided 
by  their  parents,  who  indicated  that  they  read  more 
frequently  to  their  young  children,  took  them  on 
more  excursions,  and  accompanied  (hem  to  more 
cultural  events  than  did  the  Chinese  or  Japanese  par¬ 
ents.  As  American  children  grow  older,  parents 
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appear  to  be  less  likely  to  provide  the  kinds  of 
enriehed  oiit-ol-school  experiences  that  they  did 
before  the  children  t'litered  the  first  Ki  acle"  (p.  So). 

A  study  of  the  tictuU'inic  achievement  of  SSti  school-a^e 
children  from  2(K)  lnd(K'hinese  refuj'ee  fainilies  living  in 
the  I  nited  States  (Cai)lan,  Choy,  and  Whitmore  I‘)92) 
further  demonstrates  the  |)otential  impact  of  family  atti¬ 
tudes  and  behaviors.  Hie  students  in  grades  K-12  who 
attended  school  in  low-income  metropolitan  areas  had 
rt'markably  high  grade  point  averages  (ta’As):  27  jx'rcent 
had  an  overall  in  the  A  range.  .S2  percent  in  the  H 
rang«‘,  17  iHTceiit  in  the  C  range,  and  4  ptTcent  had  a  (.I’.A 
below  a  C  (Capkm.  Choy.  and  Whitmore  1992). 

The  students'  mathematics  scores  were  even  more 
impressive.  Nearly  half  tlu-  students  had  (.l‘.\s  equivalent 
to  an  A,  while  on<‘-third  earned  a  li.  'ITe  results  of  stan¬ 
dardized  achievemi'iit  tests  showed  similar  levels  of  pro¬ 
ficiency  in  nuithematics.  When  compared  nationally  to 
students  taking  the  California  Achievement  Test  at 
eriuivalent  grade  levels,  half  of  the  Indochinese  students 
scoH'd  in  the  loi)  qmirtile;  27  pc-rcent  scored  in  the  top 
decile  (Caplan,  Choy,  and  Whitmore  1992). 

Hii'  resc-arclu-rs  identified  srweral  factors  that  appeared 
to  be  linked  to  the  students’  high  levt'ls  of  achievement. 
One  lactor  was  time  spent  on  homework.' '  Whereas  the 
Indochinese  students  spent  an  average  of  just  over  3 
hours  on  homework  each  day  in  high  school,  2/  hours 
in  junior  high,  and  2  hours  in  grade  school,  their 
American  peers  studied  only  1  /  hours  each  day  in  both 
junior  high  and  high  school.  In  addition  to  spending 
more'  time  on  their  liomework,  the  Indochinese  students 
were  more  inclined  to  complete  their  homework  with  the 
;issistanc(‘  of  siblings  ;ind  other  family  members.  Caplan. 
Choy,  and  Whitmore  (1992)  found  that  the  older  siblings 
learned  as  they  tutored  the  younger  ones,  and  the 
younger  ones  "learned  how  to  learn.”  and  also  developed 
positive  “skills,  habits,  attitudes  and  expectations";  they 
suggest  that  this  may  hel])  explain  the  positive  relation- 
shii)  between  family  size  and  (il’.A  that  was  observed. 

Other  factors  th;it  w<t<-  positively  associated  with  aca¬ 
demic  achievement  among  the  Indochinese  families 
were  (1)  the  i)resence  of  parents  who  read  aloud  to  their 
children;  (2)  a  belief  in  egalitarianism  and  role-sharing 
between  male  and  female  family  members,  and  an 
absence  of  a  pro-male  bias;  (3)  the  perception  among 
family  members  that  "learning  and  imparting  knowl- 
edgi-"  were  ()leasur;ibk-  exiteriences;  and  (4)  a  retention 


'Itii'  link  bclwccti  liini'  on  liotnowork  and  siliool  arhievc- 

mi  nl.  partii  iil.'irly  lor  slndcnN  in  junior  and  si-nior  tiijs'li  sr  liool,  lias 
licon  widijv  doi  nmi-nli'd  liy  ollu  r  roscaivhors  in  llio  field  t.Adelman 
el  al.  lllll'J).  Neveilheli'ss,  all  ly|)es  of  homework  are  not  e<nially  bene- 
luial.  l  or  exampli-.  C Doper  (I'Wl)  found  preparalion  and  praeliee 
homework  inle>;ralinK  previous  lessons  to  be  more  elfeelive  than 
homewiirk  resirieled  lo  etirrenl-day  lesson  eonleni  in  junior  and  senior 
hiydi  m.ilhemalies  elasses.  ( liber  studies  (leone  and  Kiehards  ItIWI; 
Ml  llernii  'ioldman.  and  \'.irenne  Iti.sli  also  found  evidenee  lhal 
lamiK  1111.1  iieiil  I  .in  inerea'i-  homework's  efteeii\eness. 


of  traditional,  Indochinese  cultural  values — values  that 
emphasize  the  importance  of  education,  hard  work,  per¬ 
severance,  and  pride — by  the  family  (Caplan.  Choy,  and 
Whitmore  1992).  The  researchers  conclude  that  the 
American  t'ducational  system  is  still  able  to  educate  stu¬ 
dents  successfully — evidenced  by  the  achievement  of 
these  refugee  children — as  long  as  it  is  not  exjxrted  to 
also  provide  a  host  of  needed  social  services  and  become 
“parent  by  proxy"  to  its  students,  Tliey  state: 

"We  firmly  believe  that  for  .American  schools  to 
succeed,  parents  and  families  must  become  more 
committed  to  the  education  of  their  children.  Tliey 
must  instill  a  resprrt  for  education  and  create  within 
the  home  an  environment  conducive  to  learning. 
They  must  also  participate  in  the  process  so  that 
their  children  feel  comfortable  learning  and  go  to 
school  willing  and  prepared  to  study"  (p.  42). 

For  many  students  (e.g.,  those  who  are  slower  learn¬ 
ers,  or  those  whose  socioeconomic  status  have  resulted 
in  limited  exposure  to  challenging  and  stimulating  infor¬ 
mation  and  materials  at  home  or  school),  a  supportive 
family  is  only  part  of  what  is  needed  to  ensure  their  aca¬ 
demic  success.  For  them,  nonschool  hours  represent  a 
valuable  opportunity  to  relearn,  catch  up.  or  extend  their 
learning  through  enrichment  programs  that  offer  tutor¬ 
ing  or  mentoring  services,  or  subject-specific  training 
and  enrichment  (Adelinan  et  al.  1992). 

Tutoring  and  Mentoring 

Tutoring  programs  have  been  very  effective  in  improv¬ 
ing  students'  (d’.As,  test  scores,  and  overall  academic  per¬ 
formance.  particularly  in  mathematics  (Adelman  et  al. 
1992).  Studies  also  show  that  these  positive  outcomes 
also  occur  among  groups  of  low-income,  and  racial/eth¬ 
nic  and  language  minority  students  (Herbst  and 
Sontheimer  1987;  Valenzuela-Smith,  1983;  Kulik,  and 
Kulik  and  Cohen,  1982)  School-based  tutoring  programs 
have  also  been  found  to  improve  students'  attitudes 
towards  particular  subjects  and  school  in  general,  and 
they  enhance  the  self-esteem  and  self-confidence  of  par¬ 
ticipants  (Adelman  et  al.  1992  and  Pringle  et  al.  1993). 

Mentoring  programs,  which  may  includt*  academic 
assistance,  counseling,  or  social  and  recreational  compo¬ 
nents.  often  focus  on  developing  students’  interests  in 
particular  professions  or  career  fields  (Adelman  et  al. 
1992).  In  addition  to  receiving  help  with  their  school- 
work,  high  school  participants  in  mentoring  programs 
report  learning  about  college  life  and  engaging  in  career 
exploration  activities:  these  experiences  appear  to  moti¬ 
vate  and  improve  participants’  attitudes  towards  educa¬ 
tion  (Adelman  et  al.  1992).  lliese  findings  suggt'st  that 
interest  in  mathematics  and  science  careers  among 
junior  and  senior  high  school  students  could  be 
enhanced  through  similar  efforts  by  professionals  in  the 
field. 
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Extracurricular  Activities 

Current  efforts  to  encourage  mathematics  and  science 
achievement,  particularly  among  females  and  minorities, 
include  several  academic  enrichment  programs  that  are 
held  after  school  or  during  vacations.  Programs  such  as 
the  Gifted  Math  Program:  the  Mathematics, 
Engineering,  and  Science  Achievement  Program;  and 
Creating  Higher  Aspirations  and  Motivations  Program 
all  seek  to  sharpen  students’  mathematics  and  science 
skills  and  heighten  student  interest  in  careers  in  these 
fields.  Program  activities  include  academic  classes,  spe¬ 
cialized  workshops,  tutoring  sessions,  academic  and 
university  counseling,  field  trips,  and/or  employment 
programs. 

The  importance  of  maximizing  students'  out-of-school 
academic  and  nonacademic  learning  opportunities  is 
widely  recognized  internationally.  P'or  example,  in  Japan, 
large  numbers  of  low-  and  high-achieving  students 
attend  “Juku."  where  enrichment,  remedial,  and  exami¬ 
nation  preparation  classes  are  offered  (Leestman  et  al. 
1987).  Although  some  Juku  are  viewed  as  “cram” 
schools  where  high  school  students  prepare  for  entrance 
examinations  to  prestigious  universities,  other  Juku  offer 
nonacademic  enrichment  courses  in  music  and  the  arts 
(Leestman  et  al.  1987). 

Many  studies  suggest  that  nonacademic  enrichment 
programs  that  emphasize  overall  youth  development 
have  the  potential  to  contribute  to  the  intellectual,  social, 
physical,  and  emotional  development  of  elementary-  and 
secondary-age  students  (Adelman  et  al.  1992).  In  his 
study  of  school-based  extracurricular  programs  in  Hong 
Kong,  Japan,  Beijing,  Singapore,  and  Taiwan.  Stevenson 
(1993)  describes  the  importance  attached  to  such  activi¬ 
ties  in  these  countries. 

Extracurricular  programs  are  offered  during  the  regu¬ 
lar  school  day,  after  school,  or  on  weekends:  often  the 
entire  student  body  is  involved  in  one  or  more  of  the 
available  activities.  These  activities  include  arts  and 
crafts,  music,  sports,  clubs  and  societies,  public  service 
opportunities,  hobbies,  and  academics  (Stevenson  1993). 
All  activities  are  supported  by  school  personnel,  who 
believe  that  the  programs  help  to  stimulate  an  interest  in 
learning,  foster  the  development  of  various  physical 
skills,  promote  positive  social  and  cultural  values  and 
attitudes,  and  provide  students  with  an  opportunity  to 
receive  remedial  help  (Stevenson  1993). 

A  survey  of  community-based  services  for  adolescents 
between  the  ages  of  10  and  15  in  the  United  Kingdom, 
Australia,  Germany,  Sweden,  and  Norway  (Sherraden 
1992),  indicates  that  overall  youth  development  is  also  of 
great  importance  and  concern  in  Europe.  Many  nations 
use  a  percentage  of  educational  or  other  public  funds  to 
support  community-based  youth  development  because 
they  “recognize  that  formal  schooling  is  not  a  sufficient 
format  for  individual  education.  There  is  too  much  to 
learn  and  schooling  cannot  cover  all  of  it"  (Sherraden 
1992,  {  ). 


In  the  United  States,  various  youth  organizations  and 
school-related  extracurricular  programs  have  demon¬ 
strated  an  ability  to  meet  these  important  needs 
(Adelman  et  al.  1992).  In  addition,  many  students  actively 
seek  to  become  involved  in  programs  offered  by  sports 
leagues,  museums,  libraries,  park  and  recreation  depart¬ 
ments,  religious  associations,  and  camping  and  outdoors 
organizations  (Carnegie  Council  on  Adolescent 
Development  1992). 

Unfortunately,  many  low-income  and  minority  youth  in 
this  country  do  not  have  access  to  the  same  range  of  ser¬ 
vices  that  their  more  affluent  peers  enjoy.  The  communi¬ 
ty-based  services  on  which  many  rely  are  often  under¬ 
funded  and  poorly  equipped,  and  access  to  many  national 
organizations  are  often  available  on  a  fee-for-service  basis 
that  they  cannot  afford  (Carnegie  Council  for  Adolescent 
Development  1992).  Based  on  current  anecdotal  and  sta¬ 
tistical  evidence,  it  appears  that  improving  access  to  aca¬ 
demic  enrichment  programs  and  other  types  of  youth 
development  opportunities  is  a  worthy  investment — an 
investment  that  is  likely  to  enhance  student  interest  in 
learning  and  their  ability  to  achieve  in  school. 

Improvements  for  the  Future: 
Assessing  Achievement  and 
Revising  Standards 

Improvements  in  Assessing  Achievement 

The  United  States  has  relied  upon  standardized  tests 
to  evaluate  learning  because,  in  part,  these  tests  are  rela¬ 
tively  inexpensive,  easy  to  administer,  and  efficient  in 
detennining  both  individual  and  aggregate  scores. '  The 
most  commonly  used  tests  include  the  California  Achieve¬ 
ment  Test,  the  Comprehensive  Test  of  Basic  Skills,  the 
Iowa  Test  of  Basic  Skills,  the  Survey  of  Basic  Skills  of 
Science  Research  Associates,  the  Stanford  Achievement 
Test,  and  the  Metropolitan  Achievement  Test. 

These  tests,  however,  have  met  with  skepticism  and 
questions  about  their  validity  and  comprehensiveness. 
Concerns  raised  about  standardized  tests  include  their 

♦  emphasis  on  low-level  thinking: 

♦  inability  to  test  process  or  method: 

♦  inability  to  test  depth  of  knowledge: 

♦  inability  to  capture  various  levels  of  thinking  (e.g., 
to  award  partial  credit  for  a  correct  approach  but  a 
wrong  final  answer);  and 


This  ri-liancf  has  Krown  over  Ilie  years.  “Revenues  from  sales  of 
tests  user!  in  elementary  and  seeondarv'  schools  more  than  doubled  (in 
constant  dollars)  between  KMiO  and  lOWI.  a  |>eriod  durinK  which  stu¬ 
dent  enrollments  jrrew  by  only  1.')  percent"  (nt.\  1!)9L’,  p,  d). 
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♦  tendency  to  lead  teachers  to  “teach  to  the  test"  by 
emphasizing  less  advanced  fomis  of  learning  in  the 
curriculum. 

This  latter  practice  is  particularly  egregious  when 
practiced  by  teachers  of  minority  students.  (See 
"Standardized  Tests  and  Minority  Students.") 

According  to  oiu  recent  study  funded  by  the  National 
Science  Foundation  and  conducted  by  the  Center  for  the 
Study  of  Testing,  Evaluation,  and  Educational  Policy, 
teachers  are  dissatisfied  with  the  standardized  tests. 
Over  60  percent  of  2,229  mathematics  and  science  teach¬ 
ers  in  grades  4  through  12  surveyed  felt  that  standard¬ 
ized  tests  negatively  affected  student  learning.  “The 
mandated  testing  caused  narrowing  and  fragmenting  of 
the  curriculum,  limited  the  nature  of  thinking,  or  forced 
them  to  rush  too  much  for  students  to  learn  well" 
(Madaus  et  al.  1992,  p.  16). 

The  study  also  found  that  the  content  covered  by 
mathematics  and  science  standardized  tests  was  not 
well-balanced  (Madaus  et  al.  1992,  p.  16).  The  math  tests 
emphasize  number  systems  and  theory,  and  minimize 
probability,  algebraic  thinking,  measurement,  and  geom¬ 
etry.  Similarly,  the  science  tests  emphasize  life  sciences 
and  minimize  physical  sciences.  The  standardized  math¬ 
ematics  tests  ask  questions  demanding  higher  order 
thinking  skills  only  3  to  5  percent  of  the  time  (Madaus  et 
al.  1992,  p.  12).  Only  8  percent  of  the  standardized  sci¬ 
ence  test  questions  ask  students  to  apply  procedural 
skills  toward  problems  and  experiments;  most  do  not 
stress  application  of  knowledge. 

Recently,  there  has  been  a  good  deal  of  activity  among 
some  organizations  and  in  some  states  to  design  new 
assessment  instruments.  These  new  assessment  tools 
are  being  designed  to  (1)  track  progress  over  time,  (2) 
show  how  individuals  learn.  (3)  assess  educational  pro¬ 
grams,  (4)  indicate  curriculum  or  teaching  changes 
needed  for  improvement,  and  (.5)  inform  policymakers 
about  educational  progress  (Arter  and  Spandel  1991). 
These  new  tools  will  have  to  grapple  with  many  of  the 
problems  discussed  above. 

Although  there  are  some  promising  new  approaches, 
test  directors  and  researchers  are  concerned  about 
quick  implementation  without  sufficient  investigation  of 
the  new  tests'  effects.  Also,  while  the  intention  of  the 
new  assessment  tools  is  to  have  them  closely  aligned  to 
new.  more  demanding  curriculum  standards  and  better 
instruction  practices,  assessments  are  also  expected  to 
motivate  students.  Many  are  concerned  that  the  same 
instruments  cannot  accomplish  so  many  diverse  tasks. 
Still,  a  number  of  new  assessment  approaches  warrant 
continuing  development. 

Alternative  forms  of  assessment  to  test  students  on 
higher  order  thinking  skills  and  concept  application 
rather  than  on  rote  memorization  are  now  being  devel¬ 
oped.  Some  of  these  are  discussed  below. 


Constructed  Response  Items.  Constructed  response 
test  items  are  opcMi-ended  questions  that  ask  students  to 
derive  and  explain  their  answers.  The  fonnat  lends  itself 
to  more  indepth  assessment  of  higher  order  thinking,  and 
it  can  be  readily  standardized  and  scored  with  relatively 
high  validity  levels.  According  to  the  Office  of  Technology 
Assessment  (o'l  A  1992),  constructed  response  items  can 
be  beneficial  because  they 

♦  may  be  more  similar  to  tasks  that  are  familiar  to  stu¬ 
dents: 

♦  may  better  reflect  complex,  real-world  learning  situ¬ 
ations;  and 

♦  evoke  answers  that  minimize  student  guessing  and 
random  answer  selection. 

Also,  items  can  be  scored  so  that  students  can  get  par¬ 
tial  credit  for  partially  correct  answers.  For  these  rea¬ 
sons.  NAKP  and  some  state  assessment  programs  use 
constructed  response  items. 

Performance-Based  Assessments.  This  method  of 
assessment  asks  students  to  “create  an  answer  or 
product  that  demonstrates  their  knowledge  or  skills" 
(OTA  1992,  p.  5).  They  may  take  the  form  of  any  num¬ 
ber  of  tests  that  evaluate  student  performance  includ¬ 
ing  conducting  experiments,  answering  open-response 
questions,  computing  mathematics  equations,  present¬ 
ing  an  oral  argument,  writing  an  essay,  and  creating  a 
portfolio  of  work  accomplished  throughout  the  school 
year.  According  to  the  Office  of  Technology 
Assessment  (OTA  1992,  p.  18),  performance-based 
assessments  generally 

♦  allow  students  to  create  their  own  response  rather  than 
to  choose  between  several  already  created  answers; 

♦  are  criterion-referenced,  or  provide  a  standard  accord¬ 
ing  to  which  a  student's  work  is  evaluated  rather 
than  in  comparison  with  other  students; 

♦  concentrate  on  the  problem-solving  process  rather 
than  on  just  obtaining  the  correct  answer;  and 

♦  require  that  trained  teachers  or  others  carefully 
evaluate  the  assessments  and  provide  consistency 
across  scorers. 

Performance-based  assessment  has  been  gaining  sup¬ 
port  as  an  alternative  or  supplement  to  traditional  stan¬ 
dardized  tests.  Proponents  suggest  that  performance 
assessments  more  closely  link  assessment  and  instruc¬ 
tion,  more  accurately  measure  the  mathematic  and  sci¬ 
entific  skills  and  knowledge  advocated  by  the  NcrM  stan¬ 
dards,  and  allow  a  more  complete  account  of  student  aca¬ 
demic  development.  By  December  1992,  13  States 
reported  implementing  some  sort  of  performance-based 
assessment,  while  28  others  reported  planning  or  pilot¬ 
ing  stages  of  performance  assessments  (Pechman  and 
Laguarda  1993). 
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Standardized  Tests  and  Minority  Students 


Researchers  have  found  that  standardized  tests  are 
particularly  harmful  to  minority  students.  For  exam¬ 
ple,  Lomax  et  al.  (1992)  report: 

Minority  classes  are  receiving  less  quality 
instruction  in  these  content  areas  in  favor  of  more 
instruction  to  prepare  for  the  mandated  test  ...  In 
addition,  these  standardized  tests  reflect  low  level 
conceptual  knowledge,  low  level  thinking,  and  a 
lack  of  procedural  knowledge  in  science,  with  an 
over-emphasis  on  algorithms  and  formulae  in 
mathematics.  Such  tests  are  driving  instruction, 
particularly  for  minority  students  (p.  15). 

Recently  released  results  from  the  1992  naep  mathe¬ 
matics  assessments  lend  support  to  this  position.  The 
1992  NAEP  measured  student  performance  on  three 
types  of  questions; 

♦  multiple  choice  questions; 

♦  regular  constructed  response  questions,  which 
require  relatively  short  answers  of  a  few  sentences 
each;  and 

♦  extended  constructed  response  questions,  which 
require  deeper  thought  and  more  elaborate  re¬ 
sponses. 

Figure  1-17  suggests  that  the  gap  between  whites 
and  blacks  and  Hispanics  is  large  when  responses  to 
the  more  challenging  types  of  questions  are  compared. 
For  example,  at  the  eighth  grade  level,  whites  correctly 
answered  60  percent  of  multiple  choice  questions,  59 
percent  of  regular  constructed  response  questions,  and 
10  percent  of  extended  constructed  response  ques¬ 
tions.  Blacks  correctly  answered  42  percent  of  multiple 
choice  questions.  36  percent  of  regular  constructed 
response  questions,  and  2  percent  of  extended  con- 
staicted  response  questions. 


Figure  1-17. 

Average  percentage  correct  on  each  type  of  NAEP 
mathematics  question:  1992 
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SOURCE:  National  Center  for  Education  Statistics.  Data  Compendum 
tor  the  NAEP  1992  Mathematics  Assessment  of  the  Nation  and  the  States 
(Washington,  DC.  Government  Printing  Office.  1993). 
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One  fonii  of  performance-based  assessment  is  portfo¬ 
lio  assessment.  Students  compile  and  submit  a  collection 
of  work  in  a  specific  subject  area  completed  during  a 
given  period  of  time.  Supporters  argue  that  portfolios 
encourage  students  to  work  to  their  best  abilities  and 
constantly  improve  their  work.  According  to  Arter  and 
Spandel  (1991),  portfolios  can 

♦  provide  a  more  complete  picture  of  student  ability 
by  incorporating  measures  such  as  motivation  and 
persistence: 

♦  capture  students'  thought  processes; 

♦  share  with  students  the  basis  upon  which  they  are 
judged,  and  thus  align  expectations  and  perfor¬ 
mance  with  assessment;  and 

♦  display  a  chronological  development  of  student 
progress. 

However,  while  the  portfolio  method  is  useful  for 
determining  aggregate  success,  a  recent  study  reports  a 
significant  lack  of  consistency  between  portfolio  scor¬ 
ers — a  lack  great  enough  to  draw  the  method’s  use  into 
question  as  a  reliable  indicator  of  individual  success 
(Koretz  et  al.  1992).  Tliis  study  suggests  a  need  for  bet¬ 
ter  training  of  scorers.  Furfhemiore.  because  many  scor¬ 
ers  are  also  teachers,  the  discrepancy  in  scores  may 
point  to  a  lack  of  understanding  or  consensus  of  what 
scorers  should  look  for  as  well  as  of  what  teachers  teach 
in  the  classroom. 

Experiments  are  another  useful  form  of  performance- 
based  assessment.  This  method  of  assessment  was  used 
in  a  recent  IAi:i>  study  which  evaluated  the  mathematics 
and  science  skills  of  over  30.000  students  in  four  coun¬ 
tries  and  five  Canadian  provinces.-'  Students  were  tested 
on  procedural  tasks  which  they  performed  in  front  of  an 
observer.  In  science,  a  majority  of  the  questions  asked 
students  to  draw  on  knowledge  concerning  the  physical 
sciences  and  the  nature  of  science;  in  math,  students 
concentrated  on  measurement  and  geometry.  The  lAKP 
(NCKS  1992e.  p.  6)  researchers  discovered  the  following. 

♦  .Scores  varied  widely  from  task  to  task,  suggesting 
that  the  measures  tap  a  range  of  skills  and  knowl¬ 
edge. 

♦  .Scores  on  the  various  tasks  varied  significantly  be¬ 
tween  countries/ provinces  in  systematic  ways,  indi¬ 
cating  real  differences  in  performance  between  the 
various  populations. 

♦  Tlie  relative  performances  of  countries  and  provinces 
were  generally  different  from  those  identified  by 
the  written  tests  covering  related  curricular  areas, 
suggesting  that  this  method  of  assessment  let  stu- 


Ilif  t'nit<'(l  States  decided  not  to  participate  in  the  project  until  it 
could  ev;ih  he  results  of  this  assessment. 
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dents  demonstrate  their  skills  in  ways  that  were  not 
possible  with  traditional  written  tests.’- 

Trends  Toward  State  Frameworks  and  Higher 
Standards  for  Student  Performance 

Some  educators  and  policymakers  believe  that  the 
skills  and  knowledge  students  should  attain  must  be 
clearly  defined  and  must  emphasize  high-level  thinking. 
As  a  result,  there  has  been  a  good  deal  of  recent  work  to 
establish  frameworks  for  curriculum  and  set  high  stan¬ 
dards  in  all  curriculum  areas.  Although  there  is  a  good 
deal  of  confusion  over  what  frameworks  and  standards 
are.  many  support  the  view  of  O’Day  and  Smith  (1992): 

“A  common  vision  and  set  of  curriculum  frame¬ 
works  establish  the  basis  in  systemic  curriculum 
reform  for  aligning  all  parts  of  a  state  instructional 
system — core  content,  materials,  teacher  training, 
continuing  professional  development,  and  assess¬ 
ment — to  support  the  goal  of  delivering  a  high-quali¬ 
ty  curriculum  to  all  children"  (p.  25). 

In  this  view,  performance  standards  describe  what  stu¬ 
dents  should  know  and  be  able  to  do.  Curriculum  frame¬ 
works  outline  the  content  expected  to  be  taught  in  core 
disciplines.  Most  importantly,  all  elements  of  the  broadly 
defined  education  system  are  linked  in  a  common  effort 
to  accomplish  common  goals. 

Several  groups  have  been  involved  in  designing  frame¬ 
works  for  science  and  mathematics  (e.g.,  NCTM,  the 
National  Research  Council,  the  National  Science  Teachers 
Association,  the  American  Association  for  the  Advance¬ 
ment  of  Science’s  Project  2061),  but  establishing  frame¬ 
works  and  setting  standards  is  largely  a  state  initiative.^^ 
According  to  the  Council  of  Chief  State  School  Officers 
(CCSSO),  most  of  the  change  at  the  state  policy  level  has 
reflected  the  NCTM  standards  in  math.  This  process  is 
still  in  its  initial  stages  of  implementation,  with  most 
States  only  piloting  sample  groups  of  schools  or  stu¬ 
dents.  A  safe  estimation  of  activity  is  that  approximately 


Another  notable  finding  from  the  lAEI’  study  provides  insight  into 
the  different  strategies  students  from  different  countries  use  to  com¬ 
plete  tasks.  Student  approaches  ranged  from  guessing,  to  estimating, 
to  calculating  precise  answers,  depending  on  the  strategies  taught  in 
the  respective  countries.  For  instance,  Taiwanese  and  Scottish  stu¬ 
dents  tended  to  use  precision  over  estimation,  while  those  from 
Alberta  and  Saskatchewan  showed  a  preference  for  estimation  over 
precision. 

Nt  r\t  has  been  in  the  forefront  of  developing  curriculum  standards 
in  math,  and  is  frequently  used  as  a  strong  resource  and  guideline  for 
states  interested  in  developing  their  own.  Developed  by  professionals 
and  education  experts  from  1986-88.  the  NCTM  project  subdivided 
grades  into  three  categories.  K-4.  .5-8.  and  9-12,  and  developed  13  spe¬ 
cific  statements  about  what  each  group  should  be  able  to  do  for  each 
subdivision.  Common  themes  throughout  the  standards  include 
hands-on  activities,  access  to  quality  instruction  and  equipment,  coop¬ 
erative  work,  problem-solving  tasks,  justification  of  thought  process, 
and  application  of  concepts  to  other  areas  outside  of  mathematics 
(NC  TM  1989).  The  National  Research  Council  of  the  National  Academy 
of  Sciences  and  the  National  Academy  of  Engineering  expect  to  devel¬ 
op  science  education  standards  by  fall  1994. 
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half  of  the  States  have  developed  or  are  moving  toward 
curriculum  frameworks  in  mathematics  or  science.  How¬ 
ever,  exact  determination  is  difficult  because  of  a  differ¬ 
ence  in  judgment  as  to  what  constitutes  a  new  curricu¬ 
lum  framework.  Lack  of  cohesive  definitions  among  offi¬ 
cials,  policymakers,  practitioners,  and  researchers  point 
to  one  problem.  Even  the  words  “frameworks”  and  “stan¬ 
dards"  are  used  “idiosyncratically”  (Pechman  and 
Laguarda  1993). 

For  instance,  according  to  a  1992  ccs.so  survey,  24 
States  currently  have  curriculum  frameworks  reflecting 
the  NCTM  standards,  and  17  others  are  revising  their 
frameworks  to  reflect  the  NCI'M  standards.  Four  States  are 
developing  frameworks  to  go  with  NCTM  standards  while 
six  States  have  no  such  frameworks.  The  same  study 
shows  that  30  States  have  frameworks  in  science,  while  15 
are  developing  them.  However,  a  1992-93  study  conducted 
informally  by  interviewing  state  officials  by  telephone 
determined  a  much  lower  level  of  state  activity.  This  study 
found  that  only  15  States  have  established  curriculum 
frameworks  in  math,  and  9  have  frameworks  in  science. 
An  additional  15  States  are  developing  curriculum  frame¬ 
works  in  math,  and  16  others  are  developing  them  in  sci¬ 
ence  (Pechman  and  Laguarda  1993).  Such  discrepancies 
point  to  the  complex  nature  of  the  change  itself.  While 
changes  at  the  policy  level  are  evident,  it  is  too  early  to 
determine  how  any  national  movement  toward  curriculum 
frameworks  at  the  state  and  local  level  will  affect  teaching 


practices  in  the  classroom  and  student  learning. 

If  progress  on  the  development  of  curriculum  frame¬ 
works  is  slow,  it  is  reasonable  to  assume  that  the  more 
ambitious  goals  of  systemic  reform  will  be  particularly 
challenging.  Recent  research  suggests  that  policymak¬ 
ers  are  grappling  with  some  of  the  complexities  of 
reform.  As  Fuhmian  and  Massell  (1992)  report: 

“Systemic  reform  ideas  seem  to  require  unprece¬ 
dented  efforts  to  integrate  separate  policies,  new 
strategies  of  policy  sequencing,  novel  processes  to 
involve  the  public  and  professionals  in  setting  stan¬ 
dards,  challenges  to  traditional  politics,  complex 
efforts  to  balance  state  leadership  with  flexibility  at 
the  school  site,  extraordinary  investment  in  profes¬ 
sional  development,  and  creative  approaches  to 
sen’ing  the  varied  needs  of  students.  To  compound 
the  challenge,  states  are  facing  these  extremely 
demanding  issues  at  a  time  of  severe  fiscal  difficul¬ 
ty”  (p.  24). 

Despite  these  difficulties,  there  are  a  number  of  promis¬ 
ing  new  strategies  and  evidence  of  a  growing  commitment 
to  continue  the  expansion  and  inclusion  of  American  pop¬ 
ular  education.  Given  the  complexity  of  the  task,  the 
Nation's  commitment  to  raising  the  science  and  mathe 
matics  skills  and  knowledge  of  all  Americans  will  surely 
be  tested. 
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HIGHLIGHTS 


International  Comparisons 

♦  Asian  countries  emphasize  science  and  engi¬ 
neering  in  their  education  systems  more  than 
do  European  or  North  American  countries.  In 

1990,  six  Asian  countries  produced  more  than  a  half¬ 
million  natural  science  and  engineering  (ns&e)  bach¬ 
elor  degrees,  slightly  more  than  the  number  of  NS&E 
degrees  produced  in  Europe  and  North  America 
combined.  Also.  Asia’s  ratio  of  NS&E  degrees  to  total 
first  university  degrees  is  higher  than  in  Europe  or 
North  America. 

4  Compared  to  other  countries,  a  high  percentage 
of  U.S.  students  receive  a  university  education. 

In  1991,  31  percent  of  the  u.s.  college-age  cohort 
obtained  a  university  degree,  a  proportion  second 
only  to  Canada’s. 

U.S.  Higher  Education  Institutions 

♦  Enrollments  in  hi^er  education  doubled  between 
1967  and  1991.  In  1991,  14  million  students  were 
enrolled  in  3,600  institutions.  The  largest  rates  of 
growth  in  student  enrollments  occurred  in  2-year 
community,  junior,  and  technical  colleges  and  in 
“comprehensive”  schools. 

4  Degrees  in  higher  education  reached  1,9  mil¬ 
lion  in  1991,  of  which  500,000  were  in  sci¬ 
ence  and  engineering.  As  in  past  years,  most  S&E 
degrees  were  produced  by  research-intensive  and 
comprehensive  schools  at  the  bachelors  and  masters 
levels,  and  by  research-intensive  and  doctoral-grant¬ 
ing  universities  at  the  doctorate  level. 

Undergraduate  Students  and  Degrees 

4  Undergraduate  enrollments  increased  3  percent 
a  year  between  1986  and  1991.  Part  of  this 
increase  is  due  to  higher  participation  rates  by  older 
students,  women,  and  minorities.  By  1991, 66  percent 
of  the  12.4  million  students  enrolled  in  undergradu¬ 
ate  institutions  were  women  and  minorities. 

4  Freshmen  interest  in  S&E  majors  is  increasing. 

The  percentages  of  underrepresented  minorities 
planning  to  study  physics,  biology,  and  engineering 
doubled  in  the  last  20  years.  National  Merit  Scholars, 
who  showed  declining  interest  in  the  NS&E  in  the  late 
eighties,  expressed  increasing  interest  in  these 
majors  between  1989  and  1992. 


4  Engineering  enrollments  have  increased  since 

1990.  This  increase  is  attributable  to  participation 
by  women  and  minorities,  whose  total  enrollment 
reached  116,000  in  1991 — or  31  percent  of  all  under¬ 
graduate  engineering  enrollment. 

4  Degrees  continued  to  decline  in  some  S&E  fields. 

Between  1986  and  1991,  the  absolute  number  of 
degrees  in  engineering  and  mathematics/computer  sci¬ 
ence  fields  showed  a  continual  decline.  In  1991,  how¬ 
ever,  there  was  an  upturn  in  natural  science  degrees 
due  to  increased  participation  rates  for  females. 

4  Women  and  minorities  obtained  an  increasing 
percentage  of  S&E  degrees.  Women  obtained  45 
percent  of  all  bachelors  degrees  in  the  natural  sci¬ 
ences  in  1991.  Their  participation  rate  in  engineering 
degrees  grew  from  2  to  16  percent  between  1975  and 

1991.  Underrepresented  minorities  (blacks,  His- 
panics,  and  Native  Americans)  modestly  improved 
their  participation  rates  in  s&E  degrees,  from  9.5  per¬ 
cent  in  1977  to  10.7  percent  in  1991. 

Graduate  Students  and  Degrees 

4  Graduate  student  S&E  enrollments  grew  steadily 
at  a  rate  of  2  percent  per  year  from  1977-91. 
Much  of  this  growth  was  driven  by  large  increases  in 
the  numbers  of  women  and  non-U.s.  citizens  entering 
these  programs.  By  1991,  more  than  one-third  of 
graduate  S&E  students  were  female  and  another  quar¬ 
ter  were  foreign  citizens. 

4  Masters  degrees  in  the  natural  sciences  ob¬ 
tained  by  males  declined  by  one-third  between 
1975  and  1991.  This  decline,  from  12,000  to  8,000 
degrees,  was  somewhat  offset  by  increasing  numbers 
of  degrees  to  females. 

4  At  the  doctorate  level,  the  number  of  engineer¬ 
ing  degrees  grew  at  a  faster  rate  than  any  other 
field.  Engineering  degrees  grew  6  percent  annually 
since  1978,  reaching  over  5,000  degrees  in  1991. 

4  Foreign  students  continued  to  increase  their 
percentage  of  U.S.  doctoral  degrees  in  S&F  ’n 

1991,  foreign  students  obtained  over  25  percen.  o' . 
natural  science  degrees,  over  40  percent  of  mame- 
matics/computer  science  degrees,  and  over  45  per¬ 
cent  of  engineering  degrees. 
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♦  Asian  countries  depend  on  U.S.  graduate 
schools  to  educate  a  significant  proportion  of 
their  doctoral  students.  Moreover,  more  than  three 
times  as  many  Asian  s&E  doctoral  recipients  planned 
to  stay  and  work  in  the  United  States  as  s&E  doctor¬ 
ate-holders  from  the  Americas  and  Europe. 


Introduction 

Chapter  Background 

Higher  education  in  science  and  engineering  (s\i;)  is 
an  issue  of  growing  importance  both  nationally  and  glob¬ 
ally.  To  highlight  key  aspects  of  that  issue,  the  indicators 
in  this  chapter  have  been  grouped  into  the  following 
topic  areas. 

♦  Global  education  levels.  Access  to  higher  education 
has  implications  for  the  skill  levels  and  technologi¬ 
cal  capabilities  of  a  society,  and  it  is  useful  to  com¬ 
pare  university  degrees  across  countries  in  three 
world  regions  that  currently  dominate  global  eco¬ 
nomic  growth:  Asia,  Europe,  and  North  America. 
Comparisons  are  made  of  the  participation  rates  of 
college-age  cohorts  in  s.'il-  degrees,  and  of  differ¬ 
ences  in  access  to  university  education  for  males 
and  females  in  selected  countries. 

♦  Characteristics  of  U.S.  institutions  that  grant  degrees 
in  S&H.  Universities  and  colleges  are  classified  to 
show  in  which  types  of  institutions  students  obtain 
the  majority  of  s^ic  degrees  at  different  degree  lev¬ 
els.  Data  on  undergraduate  instruction  in  science 
fields  are  grouped  by  type  of  institution  to  show  dif¬ 
ferences  in  aspects  of  .Si'll-;  education,  e.g.,  the  pro¬ 
portion  of  teaching  between  full-time  faculty  and 
teaching  assistants. 

♦  Characteristics  of  the  U.S.  student  population  at  the 
undergraduate  and  graduate  levels.  For  several 
years,  there  has  been  national  concern  over  the 
declining  interest  of  American  students  in  studying 
Si'll-;  at  the  higher  education  levels.  However,  recent 
data  on  freshman  major  choices,  enrollments,  and 
degrees  indicate  an  increasing  interest  in  Sill-;  edu¬ 
cation.  Initial  indicators  show  a  turnaround  in  inter¬ 
est  in  Sill-;  on  the  part  of  all  students,  and  successful 
degree  completions  in  Si'll-;  by  rising  numbers  of 
women  and  underrepresented  minorities. 

♦  Foreign  students  in  U.S.  higher  education.  'Hie  l  .s. 
higher  education  system  plays  a  significant  role  in 
trai  g  the  Si'll-;  human  resource  base  in  other 


Financial  Support 

♦  By  1991,  research  assistantships  were  28  per¬ 
cent  of  the  primary  support  for  s&E  ^actuate 
students.  Fueled  by  growing  university  research 
funding,  research  assistantships  and  teaching 
assistantships  have,  over  the  last  20  years,  displaced 
fellowships  and  traineeships  as  the  major  graduate 
support  mechanism. 


countries,  l  .s.  academic  institutions  attract  many 
highly  qualified  foreign  students  who  persist  in 
advanced  study  and  research  and  obtain  doctoral 
degrees  in  scit'iice  and  engineering,  'nu*  number  of 
foreign  students  in  graduate  Si'll-;  programs  has 
grown  so  fast  that  they  now  account  for  almost  half 
of  the  doctorates  awarded  in  somi'  s^-i-;  fields. 

Chapter  Organization 

This  chapter  is  organized  into  five  major  parts,  fhe 
first  begins  with  a  broad  picture  of  international  educa¬ 
tion  levels  to  provide  a  context  for  l  .s.  higher  education 
in  science  and  engineering.  Tliis  discussion  maki's  use 
of  a  new  global  database  on  human  resources  for  science 
in  order  to  compare  bachelors  level  university  degrees  in 
the  natural  sciences,  social  sciences,  and  engineering. 
Degree  data  in  these  fields  are  available  for  (i  Asian 
countries,  22  European  countries,  and  H  North  American 
countries. 

Tlie  second  part  shifts  to  tlu*  United  Slates,  and  pro¬ 
vides  a  brief  overview  of  higher  education  for  all  levels 
and  fields  of  study.  It  addresses  indicators  related  to  the 
characteristics  of  t  .s.  academic  institutions,  including 
the  different  types  of  institutions  that  award  Si'll;  degrees 
at  various  levels.  New  data  are  included  on  the  hours  of 
instniction  undergraduates  receive  from  full-time  faculty 
versus  teaching  assistants  in  selected  science  fields  at 
different  types  of  institutions. 

Hie  next  jjart  focuses  on  indicators  of  undergraduate 
s.'ll-;  enrollment  and  degrees,  providing  more  disaggrega¬ 
tion  in  fields  of  science  in  r.s.  higher  education  than  was 
possible  for  the  international  education  discussion.  For 
the  first  time  in  the  Science  &  Engineering  Indicators 
series,  the  chapter  includes  data  on  associate  degrees  in 
sy-l-;  and  in  engineering  technology':  it  also  iiresents  infor¬ 
mation  on  technical  education  injaiian  and  (iermany. 

The  fourth  part  of  the  chapter  describes  tlu'  graduate 
Si'll-;  student  population  by  sex  and  race/ethnicity  as  well 
as  citizenship,  and  provides  ik'w  data  on  the  stay  rates  of 
foreign  doctoral  recipients  by  countiy  of  origin. 

Tlie  final  part  of  the  chapter  provides  information  on 
major  sources  of  financial  support.  Although  data  on 
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undergraduate  students  are  limited,  data  on  graduate 
students  in  science  and  engineering  are  more  exten¬ 
sive,  covering  the  primary  source  and  mechanism  of 
support  in  various  s&K  fields  for  I'.s.  citizens  and  for¬ 
eign  students. 

International  Comparisons 

First  University  Degrees' 

The  following  discussion  compares  access  to  higher 
education  in  general  and  to  the  study  of  science  and 
engineering  in  particular  within  three  regions — North 
America,  Europe,  and  Asia.  The  North  American  region 
includes  Canada,  the  United  States,  and  Mexico.  The 
European  region  includes  22  countries  for  which  data 
were  available.  (See  appendix  table  2-1.)  The  Asian 
region  includes  only  six  countries — China,  India,  Japan, 
Singapore,  South  Korea,  and  Taiwan — but  these  she  rep¬ 
resent  77  percent  of  Asia’s,  and  44  percent  of  the  world’s, 
population. 

Asia.  The  six  Asian  countries  annually  produce  more 
than  0.5  million  natural  science  and  engineering  (NS&e) 
first  university  degrees — slightly  more  than  the  number 
of  NS&E  degrees  produced  in  Europe  and  North  America 
combined.-  (See  text  table  2-1.) 

The  percentage  of  the  college-age  cohort — i.e.,  of  22- 
year-olds — who  obtain  a  higher  education  degree  varies 
widely  among  Asian  countries  by  level  of  economic 
development.  For  example,  only  about  1  percent  of 
China’s  127  million  22-year-olds  receives  a  university 
degree:  this  is  the  lowest  participation  rate  in  university 
education  of  all  the  countries  listed  in  figure  2-1.  On  the 
other  hand,  22  percent  of  Japan’s  9  million  22-year-olds 
receive  a  university  degree — a  participation  rate  some¬ 
what  approaching  that  of  the  United  States  (31  percent). 
For  the  Asia  region  as  a  whole,  only  about  4  percent  of 
the  college-age  cohort  receives  a  university  degree,  com¬ 
pared  to  11  percent  in  Europe  and  24  percent  in  North 
America. 

Although  only  about  1  percent  of  the  220  million  22- 
year-olds  in  Asian  countries  receive  N.s&E  degrees  (com¬ 
pared  to  3  percent  in  Europe  and  4  percent  in  North 
America — see  appendix  table  2-1),  the  ratio  of  NS&E 
degrees  to  total  first  university  degrees  is  higher  in  Asia 
than  in  the  other  two  regions.  Within  NS&E,  there  are 
significant  variations  by  country.  In  China,  37  percent  of 
all  first  university  degrees  are  in  engineering,  while 
India  only  awards  4  percent  of  these  degrees  in  this 
field  and  20  percent  in  the  natural  sciences.  Japan 


'Data  in  this  section  are  primarily  taken  from  Science  Resources 
Studies  Division,  National  Science  Foundation,  (llobal  Database  on 
Human  Resources  for  Science  and  Engineering. 

-Note  that  in  these  international  comparisons,  the  natural  sciences 
include  the  mathematical  and  computer  sciences  as  well  as  the  biologi¬ 
cal  an  icultural,  environmental,  and  physical  sciences. 


Text  table  2-1 . 

First  university  degrees  in  S&E,  by  region:  1990 


Field 

Asia 

Europe 

North 

America 

All  first  university 

degrees . 

1.673,901 

813,650 

1,356,618 

Natural  sciences  .  .  . 

252,767 

124,000 

128,483 

Social  sciences .... 

95,071 

104,205 

201,210 

Engineering . 

261,410 

134,813 

118,704 

See  appendix  table  2-1  Science  S  Engineering  Indicators  -  1993 


awards  20  percent  of  its  first  university  degrees  in  engi¬ 
neering,  and  6  percent  in  the  natural  sciences.  (See  fig¬ 
ure  2-2.) 

Europe.  Like  Asia,  the  Central  European  countries — 
until  recently — had  very  high  ratios  of  NS&E  degrees  to 
total  first  university  degrees.  When  those  economies 
were  under  Soviet  influence,  science  and  engineering  in 
higher  education  was  emphasized  as  a  way  to  build  the 
communist  state.  Before  its  collapse,  the  Soviet  Union 
had  the  highest  ratio  in  the  world  of  22-year-olds  with 
NS&E  degrees — 9  percent.  ’  As  countries  such  as  Poland 
and  Hungary  continue  to  evolve  toward  more  open 
economies,  their  universities  are  providing  more  oppor¬ 
tunities  to  study  non-s&E  fields:  Consequently,  their 
ratios  of  NS&E  degrees  to  total  first  university  degrees 
are  declining. 

Among  Western  European  countries,  Germany  has 
the  highest  percentage  of  college-age  population  with 
NS&E  degrees — 5  percent  if  Fachhochschulen  (4-year 
degrees)  are  included,  and  3.5  percent  if  only  5-year  uni¬ 
versity  degrees  are  considered.  Spain  has  the  highest 
university  participation  rate  in  all  of  Europe — 19  percent 
of  its  college-age  cohort.  Spain’s  University  Reform  Law 
in  1983  and  subsequent  curriculum  reforms  increased 
university  graduates  in  science  and  engineering 
(Education  Newsletter  1992).  Between  1975  and  1990, 
NS&E  degrees  in  Spain  increased  from  1  to  3  percent  of 
the  college-age  cohort. 

North  America.  In  the  North  American  region, 
Mexico  has  the  highest  ratio  of  NS&E  degrees  to  total 
degrees:  25  percent  of  all  first  university  degrees  in 
Mexican  universities  are  awarded  in  engineering.  In  con¬ 
trast,  only  6  percent  of  all  first  university  degrees  in 
Canada  and  7  percent  in  the  United  States  are  in  engi¬ 
neering.  However,  Mexico’s  university  system  is.  like 
that  of  European  countries,  very  elite.  Just  8  percent  of 
the  college-age  cohort  obtains  a  university  degree. 
Participation  rates  in  university  education  are  four  times 
higher  in  Canada  and  the  United  States  than  in  Mexico. 


‘Many  of  tln*si-  were  in  eiiKineerinx  technology. 
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Figure  2-1. 

Percentage  of  22-year-olds  with  first  university 
degrees  in  natural  sciences  and  engineering, 
by  country:  1990 


Percent 


NOTE:  Belgium  data  are  for  1988:  data  for  Albania,  Czechoslovakia, 
and  Portugal  are  lor  1989;  and  data  for  Austria,  Finland,  Greece, 
Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991. 

See  appendix  table  2-1 .  Science  Si  Engineering  Indicators  -  1993 


Participation  Rates  in  NS&E  Degrees  by  Sex 

Access  to  \.s<x.’K  degrees  differs  among  countries  and 
regions,  but  it  varies  still  more  by  sex  of  students.  (See 
text  table  2-2.)  In  all  countries  for  which  NS&K  degree 
data  are  available  by  sex  of  recipient,  males  receive  the 
overwhel'^ring  majority  of  such  awards.  Japan  has  the 
highest  .  portion  of  male  college-age  students  who 


obtain  a  first  university  degree  in  .\s&K  (11  percent),  but 
the  lowest  proportion  of  females  (fewer  than  1  percent) . 
Among  the  countries  studied.  South  Korean  females 
have  the  highest  participation  rate  in  .NSl'iK  degrees.^ 
European  women  have  a  slightly  higher  panicipation 
rate  in  NS&K  degrees  than  do  women  in  other  Asian 
countries  and  in  the  United  States. 

In  terms  of  all  first  university  degree  awards.  South 
Korean  women  have  the  highest  participation  rate  (15 


‘This  ai'i’oss  to  .'x'CK  cleKrt-es  does  not  yel  translate  into  a  high  pro¬ 
portion  of  h-nialfs  in  the  Korean  SALt:  workforce,  however  (Jamison 
l‘)92). 


Figure  2-2. 

Science  and  engineering  degrees  as  a 
proportion  of  all  first  university  degrees, 
by  country:  1990 


Percent 


NOTE;  Belgium  data  are  for  1988;  data  for  Albania.  Czechoslovakia, 
and  Portugal  are  for  1989:  and  data  for  Austria.  Finland.  Greece. 
Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991. 

See  appendix  table  2-2.  Science  &  Engineering  Indicators  -  1993 
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ptMTi'iit)  of  any  Asian,  Furopean.  or  North  Ainorican 
counlry  except  the  I'niteti  States  CfO.,')  percent).'  By 
current  world  standards.  Japanese  and  Taiwanese 
wometi  are  also  highly  educated.  ;ind  are  more  likely  to 
receive  a  university  education  than  females  in  France, 
(iermany,  or  the  I'nited  Kingdom.  (See  appendix  table 

Characteristics  of  Higher 
Education  Institutions 

'  here  are  (l,5(iB  public  and  2,04, b  private)  insti¬ 
tutions  of  higher  education  in  the  United  States  (HF'P 
1992).  In  1991.  these  institutions  enrolled  14  million 
students  and  awarded  almost  2  million  degrees,  a  quar¬ 
ter  of  which  were  in  s^i:.  (See  figure  2-3.)  The  Carnegie 
Foundation  for  the  Advancement  of  Teaching  has  clas¬ 
sified  those  institutions  into  10  categories  based  on  the 
size  of  their  baccalaureate  and  graduate  degree  pro¬ 
grams,  the  amount  of  research  funding  they  receive, 
and — for  liberal  arts  schools — their  selectivity  of  stu¬ 
dents."  I'irsl  introduced  in  1970,  and  peiiodically 
revised  since,  the  classification  scheme  helps  identify 
those  schools  that  make  the  most  significant  contribu¬ 
tions  to  s\i':  education  in  the  United  States.  See 
“Classification  of  Academic  Institutions"  for  a  brief 
description  of  the  Carnegie  categories  used  in  this 
chapter. 

Hie  number  of  students  enrolled  in  I'.s.  institutions  of 
higher  education  doubled  between  1967  and  1991,  rising 
from  almost  7  million  to  14  million.  By  type  of  institution, 
the  largest  rates  of  growth  in  student  enrollments 
occurred  in  two  categories;  2-year  community,  junior, 
and  technical  colleges;  and  comprehensive  schools. 
FnroIIment  at  these  institutions  grew  at  annual  rates  of  6 
and  3  percent,  respectively.  (Si'C  figure  2-4.)  In  contrast, 
enrollment  at  liberal  arts  schools  and  research  universi¬ 
ties  increased  about  1  percent  annually  for  the  last  23 
years.  (See  appendix  table  2-4.) 

Institutions  With  S&E  Programs 

Different  categories  of  academic  institutions  predomi- 
iiate  at  each  degree  level.  This  section  highlights  the 
dominant  Carnegie  classes  awarding  associate,  bache¬ 
lors,  masters,  and  doctoral  degrees  in  science  and  engi¬ 
neering. 


1  lie  Jiipam  sc  Imperial  (iiiveriiment  resirieled  higher  etiueation  al 
llie  major  universities  in  Korea  (Iiirin.v  its  liMI.-i-t.')  oeeiipation.  but 
allowed  missionaries  to  educate  womi-n.  thereby  contributing  to  the 
lii^b  level  of  female  university  jrradiuites  in  Korea. 

The  C'artiecde  classitjcation  is  not  an  assessment  Kuide.  nor  tire  llie 
distinctions  between  citissification  sublevels  le.K  .  research  I  and 
research  II)  based  on  institutions'  educatiomd  quality.  I.iberal  arts  I 
schools  exercise  more  selectivity  re^jardint;  students  than  do  liberal 
arts  II  '  millions,  hut  iti  general  the  C;iriie>;ie  categories  are  a  typolo- 
tp.  .  noi  luk  orderiuH. 


Text  table  2-2. 

First  university  degrees  in  NS&E,  by  sex 
and  country 


Country 

Males 

Females 

France . 

Percentage  of  college-age  population  - 

5.2 

1.9 

Germany . 

85 

1.5 

Japan . 

.  .  10.8 

0.9 

Poland . 

3.9 

1.9 

South  Korea . 

9.5 

2.1 

Sweden . 

4.8 

1.9 

Taiwan . 

6.7 

1.5 

United  Kingdom  .  . 

4.6 

1.8 

United  States  .  .  .  . 

7.4 

1.4 

See  appendix  table  2-3.  Science  &  Engineering  Indicators  -  1993 


Associate  Degree  Level.  About  1,300  2-year  institu¬ 
tions  produce  the  overwhelming  majority  of  associate 
degrees,'  which  represent  a  full  quarter  (484,800)  of  al) 
degrees  awarded  in  O.S.  higher  education.  Only  a  small 
percentage  of  these  degrees,  however,  are  in  science  or 
engineering.  In  1991,  fewer  than  4  percent  of  associate 
degrees  (or  19,352)  were  awarded  in  ski-,  fields,  and  9 
percent  (45,000)  were  a  ,rded  in  engineering  technolo¬ 
gy.  These  institutions  thus  account  for  only  1  percent  of 
the  1.9  million  SKl-'.  degrees  in  higher  education.  They 
do,  however,  account  for  10  percent  of  the  64,586  engi¬ 
neering  technology  degrees  in  higher  education.  (See 
figure  2-3  and  discussion  on  “Associate  Degrees  in  S&F" 
later  in  this  chapter.) 

Bachelors  Degree  Level.  There  are  1,448  institu¬ 
tions  that  granted  356.()(X)  degrees  in  SK-K  fields  in  1991. 
(See  text  table  2-3.)  Over  75  percent  of  all  institutions 
with  SK-K  baccalaureate  programs  are  either  comprehen¬ 
sive  or  liberal  arts  institutions.  (See  appendix  tables  2-5 
and  2-6.)  However,  the  largest  proportions  of  baccalaure¬ 
ates  in  SKI-;  fields  continue  to  be  awarded  by  research 
and  comprehensive  schools,  (See  figure  2-5.)  In  1991, 
they  awarded  38  and  34  percent,  respectively,  of  the  year's 
SK.-1-;  degrees.  Liberal  arts  schools  granted  10  percent  of 
all  SK-I-;  degrees  that  year.  (See  appendix  table  2-5.) 

Viewed  in  terms  of  SKK  productivity,  the  relative  signif¬ 
icance  of  these  three  types  of  institutions  changes  some¬ 
what.  (See  appendix  table  2-5.)  In  1991, 

♦  SK-I-;  degrees  accounted  for  almost  48  percent  of  the 
degrees  awarded  by  liberal  arts  1  schools.  The 
degree  awards  were  mainly  in  the  social  sciences. 

♦  SK-I-;  degrees  represented  44  percent  of  the  degrees 
awarded  by  research  1  institutions;  these  were 
mainly  in  the  natural  sciences  and  engineering. 


Assdciati-  <l(-,i;n‘t-s  arc  uraiiU-d  fur  prcbai-calaiircaU-  2-  In  H-ycar  pro¬ 
grams  of  slmly  a\  tin-  junior  and  conmnmity  colli-.m-  level. 


Where  are  they  enrolled? 
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Classification  of  Academic  Institutions 


Following  are  brief  descriptions  of  the  Carnegie  cat¬ 
egories  used  in  this  chapter  (Carnegie  1987). 

Research  I:  These  institutions  offer  a  full  range  of 
baccalaureate  programs,  are  committed  to  graduate  edu¬ 
cation  through  the  doctorate  degree,  and  give  high  prior¬ 
ity  to  research.  They  receive  at  least  $33.5  million  annual¬ 
ly  in  federal  support  and  award  at  least  50  Ph.D.  degrees. 

Research  II:  Same  as  research  I,  except  that  they 
receive  between  $12.5  and  $33.5  million  annually  in 
federal  support  and  award  at  least  50  Ph.D.  degrees. 

Doctorate-granting  I:  In  addition  to  offering  a  full 
range  of  baccalaureate  programs,  ttie  mission  of  these 
institutions  includes  a  commitment  to  graduate  educa¬ 
tion  through  the  doctoral  degree.  They  award  40  or 
more  Ph.D.  degrees  annually  in  at  least  five  academic 
disciplines. 

Doctorate-granting  II:  Same  as  doctorate-granting 
I,  except  that  they  award  20  or  more  Ph.D.  degrees 
annually  in  at  least  one  discipline  or  10  or  more  Ph.D. 
degrees  in  at  least  three  disciplines. 

Comprehensive  I:  These  institutions  offer  bac¬ 
calaureate  programs  and,  with  few  exceptions,  gradu¬ 
ate  education  through  the  masters  degree.  More  than 
half  of  their  baccalaureate  degrees  are  awarded  in  two 
or  more  occupational  or  professional  disciplines  such 
as  engineering  or  business  administration.  All  of  the 
institutions  in  this  group  enroll  at  least  2,500  students. 

Comprehensive  ii:  Same  as  comprehensive  I, 
except  that  they  may  also  offer  graduate  education 


through  the  masters  degree.  All  of  the  institutions  in 
this  group  enroll  between  1,500  and  2,5{X)  students. 

Liberal  arts  I:  These  highly  selective  institutions 
are  primarily  undergraduate  colleges  that  award  more 
than  half  of  their  baccalaureate  degrees  in  arts  and  sci¬ 
ence  fields. 

Liberal  arts  II:  These  institutions  are  primarily 
undergraduate  colleges  that  award  more  than  half 
their  degrees  in  liberal  arts  fields.  This  category 
includes  a  group  of  colleges  that  award  fewer  than  half 
their  degrees  in  liberal  arts  fields,  but — with  fewer 
than  1,500  students — are  too  small  to  be  considered 
comprehensive. 

Two-year  community,  junior,  and  technical  col¬ 
leges:  These  institutions  offer  certificate  or  degree 
programs  through  the  associate  degree  level  and,  with 
few  exceptions,  offer  no  baccalaureate  degrees. 

Professional  schools  and  other  specialized 
institutions:  These  institutions  offer  degrees  ranging 
from  the  bachelors  to  the  doctorate.  At  least  half  of  the 
degrees  awarded  by  these  institutions  are  in  a  single 
specialized  field.  These  institutions  include  theological 
seminaries,  bible  colleges,  and  other  institutions  offer¬ 
ing  degrees  in  religion;  medical  schools  and  centers; 
other  separate  health  profession  schools;  law  schools; 
engineering  and  technology  schools;  business  and 
management  schools;  schools  of  art,  music,  and 
design;  teachers  colleges,  and  corporate-sponsored 
institutions. 


Text  table  2-3. 

S&E  bachelors  and  masters  degree  awards, 
by  institution  type:  1991 


Carnegie  Bachelors  degrees  Masters  degrees 

category’  institutions  Degrees  Institutions  Degrees 


Total .  1.448  337,675  738  78,368 

Research .  101  132,108  101  38,573 

Doctoral .  102  49,371  105  14,679 

Comprehensive.  .  586  112,195  368  19,810 

Liberal  arts  ....  527  36,231  72  1,624 

Two-year .  20  515  0  0 

Specialized  ....  94  4,866  69  2,182 

Other .  15  0  22  1,476 


'Combines  categories  I  and  II. 

See  appendix  tables  2-5  and  2-6. 
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Doctoral  Degree  Level.  .4t  the  doctoral  level,  degree 
production  is  highly  concentrated;  150  resr'arch  I. 
research  II.  and  doctorate-granting  I  universities  |)ro- 
duce  nearly  90  percent  of  all  s,yi-:  doctorates,  and  receive 
90  percent  of  all  academic  KiVD  funding  (President's 
Council  of  Advisors  on  Science  and  TechnoIog\-  1992). 
Collectively,  these  universities  are  three  times  the  size 
they  were  30  years  ago  in  terms  of  enrollment  and 
degree  production  and  number  of  faculty  and  research 
staff.  Due  to  research  budget  constraints,  however, 
these  research-intensive  institutions  are  not  exiiected  to 
grow  as  they  did  in  the  19(i0s  and  again  in  the  19<S0s.  It 
has  thus  been  postulated  that  only  a  veiy  small  fraction 
of  current  and  future  doctoral  recipients  in  science  and 
engineering  can  asjiire  to  careers  in  academic  research 
and  teachiiyg  in  research  universities  ((ioodstein  1993). 

Undergraduate  Instruction  by  Type  of  Faculty 

.National  concern  over  the  f|ualit\'  of  under.graduate 
education  in  science,  mathematics,  and  en.giiu'crin.g,  and 


Science  &  Engineering  Indicators  -  1993 


♦  4 


Figure  2-4. 

U.S.  enrollment  in  higher  education 


Millions  of  students 

16  I - 


1967  1971  1975  1979  1983  1987  1991 

See  appendix  table  2-4.  Science  S  Engineering  Indicators  -  1993 

tlu'  rolativi'  priorities  assigned  to  research  and  teaching, 
has  been  widely  noted  and  discussed.'*  Tlie  specific  issue 
is  whether  professors  have  advanced  their  field  of  spe¬ 
cialization  through  research  while  entrusting  their  teach¬ 
ing  duties  to  other  faculty.  Initial  data  that  can  shed 
some  light  on  this  issue  are  currently  available  for  three 
fields — |)hysics.  geology,  and  sociology."  Full-time  facul¬ 
ty  in  these  disciplines  account  for  79  percent  or  more  of 
the  instructional  contact  hours  with  undergraduates: 
teaching  assistants  have  12  percent  or  less  of  instruction¬ 
al  contact  hours,  'fhe  balance  of  instruction  was  provided 
by  part-time  and  adjunct  faculty.  Text  table  2-4  shows  the 
Iiercentage  of  instruction  by  full-time  faculty  in  these 
fields  across  all  institutions. 

When  instructional  hours  are  examined  by  institution 
ty|)e,  it  can  be  seen  that  undergraduates  at  research¬ 
intensive  universities  (research  I  and  II)  receive  a  much 
larger  iiercentage  of  their  instruction  from  teaching 
assistants.  (See  figure  2-7.) 

reaching  assistantships  (TAs)  account  for  about  21 
percent  of  the  primary  support  of  SvVI-;  graduate  students 


Sec  lur  I'Xniiiplf,  SiKmii  Xi  (IdSO)  and  I’.rowii  (11192). 

.\  coniprchciisivc  national  snr\'cy  of  nnivcrsily  faiailty  will  bo  coni- 
plcli'd  by  IPll.')  lo  provide  dala  on  fac  ulty  cbaracieristic’s  and  time  spent 
in  researc  h  and  leac  hiiiK  by  siieeifie  field.  Currently  available  dala  are 
from  die  Nalional  Seienee  I'oundation's  Higher  lidueation  Surveys, 
wliieb  yalber  nalional  information  on  undericraduale  eiirrieula  from  2- 
and  l-year  cdlleKes  and  universities.  Tbe  Ihree  fields  for  which  surveys 
have  been  compleled  as  of  this  writiiiK  are  ifeuloK>’.  physics,  and  snci- 
olosry  (--Ks  l!)ll2d,  19l)2e,  and  I!)l)2f).  Deparlments  in  these  fields  speci¬ 
fied  die  lionrs  of  nndernraduale  insirticlion  provided  by  professors  and 
Ii-achintr  i'-laiiN  lor  lectures,  laboratorv  vvorlc.  and  'iscussion 


Figure  2-5. 

Bachelors  degrees  awarded,  by  Institution  type:  1991 


Comprehensive  I  &  II 
N  =  458,977 


Research  I  &  II 
N  =  315,914 


Doctoral  I  &  II 
N  =  165,484 


1% 


Liberal  arts  I  &  II 
N  =  113,097 


Specialized 
N  =  42,629 


NOTE:  The  natural  sciences  include  math/computer  sciences. 
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Figure  2-6. 

Matters  degrees  awarded,  by  institution  type:  1991 


Reaearch  I  &  II 
N  =  121 ,318 


Doctoral  I  &  II 
N  =  62,610 


5%  1% 


Specialized 
N  =  17,962 


Liberal  arts  I  &  II 
N  =  11,203 


NOTE:  The  natural  sciences  include  math/computer  sciences. 
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(SRS  1993a).  (See  appendix  table  2-32.)  In  1991,  about 
65,000  graduate  students — mostly  concentrated  in  re¬ 
search  universities  and  doctoral-granting  institutions — 
received  such  assistantships."*  Teaching  assistants  provide 
over  36  percent  of  undergraduate  instructional  contact 
hours  in  physics  at  research  universides,  but  only  3  per¬ 
cent  at  comprehensive  universities  or  liberal  arts  colleges. 

Undergraduate  S&E  Students 
and  Degrees 

This  section  provides  data  on  enrollments  of  under¬ 
graduates  and  their  plans  to  major  in  science  and  engi¬ 
neering.  It  also  presents  data  on  actual  associate  and 
bachelors  degrees  aw.arded.  Trends  are  provided  by  sex 
and  race/ethnicity. 

Recent  Trends  in  College  Enrollments 

The  pool  of  college-age  students  (20-  to  24-year-olds) 
has  been  decreasing  by  about  2  percent  annually  since 
1980.  Nonetheless,  undergraduate  enrollments  increased 
during  the  1980s — almost  3  percent  during  the  latter  half 
of  the  decade.  Moreover,  between  1990  and  1991,  enroll¬ 
ments  increased  4  percent,  when  an  additional  500,000 
students  raised  undergraduate  enrollments  to  12.4  mil¬ 
lion.  (See  appendix  table  2-8.) 

In  the  face  of  a  declining  college-age  population,  part 
of  this  increased  enrollment  is  due  to  greater  participa¬ 
tion  in  undergraduate  education  by  older  students, 
women,  and  minorities.  By  1991,  66  percent  of  all  stu¬ 
dents  enrolled  in  undergraduate  institutions  were 
women  and  minorities.  Tliese  groups  represented  only 
57  percent  of  undergraduate  enrollment  in  1976.  Asians 
and  Hispanics — especially  females  in  these  groups — 
accounted  for  the  highest  rates  of  increase  in  minority 
enrollments,  with  annual  increases  of  9  and  7  percent, 
respectively,  between  1976  and  1991. 

Engineering  Enrollments" 

Because  engineering  programs  frequently  begin  in 
the  freshman  year,  students  tend  to  declare  an  engineer¬ 
ing  or  engineering  technology'-  major  early  in  their  col¬ 
lege  career.  Data  on  these  enrollments  provide  early 
indicators  of  future  degree  production. 


‘"An  fstini.-itcd  26.(XK)  of  these  leaehiriK  assistants  are  foreign  gradu¬ 
ate  students:  see  "Support  for  S&K  (Iraduate  Students," 

"Data  in  this  seetion  are  from  the  ICngineering  Manpower  Commis¬ 
sion.  Ilie  commission  collects  trend  data  on  full-  and  part-time  engineer¬ 
ing  atid  engineering  technology’  enrollments  in  both  baccalaureate  and 
2-year  programs  as  well  as  on  enrollments  of  women  and  minorities. 

‘'Engineering  technology  curricula  have  traditionally  emphasized 
hands-on  experience  with  advanced  technologies,  rather  than  a  theo¬ 
retical  engineering  curricula  in  mathematics  and  science.  The 
Accreditation  Board  of  Engineering  and  Technology  defines  engineer¬ 
ing  technology  as  that  part  of  the  field  requiring  the  application  of 
knowledg<'  and  methods  of  science  and  engineering,  combined  with 
technical  skills. 
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Text  table  2-4. 

Percentage  of  undergraduate  instruction  provided 
by  faculty:  1990 


Physics 

Geology 

Sociology 

Percent  ~ 

Full-time  faculty . 

85 

79 

82 

Part-time  faculty  .... 

7 

9 

15 

Teaching  assistants .  . 

8 

12 

3 
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Full-time  enrollments  in  engineering  programs  increased 
from  the  late  seventies  until  the  early  eighties,  and  then 
declined  slightly  each  year  until  1989.  This  decline  in 
engineering  enrollments  was  partly  based  on  demo¬ 
graphics.  After  1982,  the  H.s.  pool  of  college-age  students 
started  decreasing  slightly  by  about  100,000  per  year; 
this  decline  became  steeper  after  1986  (500,000  a  year). 
In  1990  and  1991,  engineering  enrollments  increased 
slightly  after  a  9-year  decline,  although  the  pool  of  col¬ 
lege-age  students  has  not  stopped  decreasing  in  size. 

In  1992,  engineering  enrollments  increased  substan¬ 
tially,  as  4,700  more  students  enrolled  in  full-time  under¬ 
graduate  engineering  programs  than  in  the  previous 


year,  bringing  total  enrollment  to  344,126  students.  (See 
appendix  table  2-9.)  The  increase  was  due  to  greater  par¬ 
ticipation  by  women  and  minorities,  whose  enrollments 
reached  116,0(X)  in  1992.'  '  (See  figure  2-8.)  Participation 
by  these  groups  has  been  growing  concurrent  with 
declining  enrollments  in  engineering  by  white  males. 
(See  appendix  table  2-10.)  Between  1979  and  1992,  as  a 
proportion  of  all  undergraduate  engineering  enrollments, 

♦  enrollment  of  blacks  grew  from  4  to  7  percent, 

♦  enrollment  of  Hispanics  grew  from  3  to  6  jx^rcent, 

♦  female  enrollment  rose  from  12  to  17  percent,  and 

♦  male  enrollment  declined  from  88  to  82  ptTcent. 

Engineering  technology  enrollments  declined  from  a 
high  of  191,000  in  1981  to  128,500  in  1987;  they  have  fluc¬ 
tuated  slightly  each  year  since,  remaining  at  about  the 
1987  level.  Unlike  enrollments  in  engineering,  however, 
engineering  technology  enrollments  have  not  increased 
in  the  nineties.  (See  appendix  table  2-9.) 


"Note,  however,  that  even  thouKh  women  ami  minorities  are  an 
important  portion  of  new  enrollments,  they  still  represent  only  a  small 
percentage  of  total  engineering  enrollment. 


Figure  2-7. 

Proportion  of  undergraduate  instruction  provided  by  various  faculty  members,  by  field  and  institution  type:  1990 


Percent  Percent  Percent 


Research  Doctoral  Compre-  Liberal  Research  Doctoral  Compre-  Liberal  Research  Doctoral  Compre-  Liberal 

hensive  arts  hensive  arts  hensive  arts 

B  Full-time  faculty  Q  Part-time  faculty  B  Teaching  assistants 


NOTE:  Data  combine  Carnegie  categories  I  &  II. 
See  app  x  table  2-7. 
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Figure  2-8. 

Representation  of  women  and  minorities  in 
undergraduate  engineering  enroiiments 


Percent 
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m  Foreign  citizens 

I  I  Asian  Americans  . 

H  Underrepresented  minorities 


1979  1990  1961  1982  1963  1964  1985  1966  1987  1988  1989  1990  1991  1992 


NOTE:  Underrepresented  minorities  are  blacks,  Hispanics,  and 
Native  Americans. 
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intended  to  major  in  science  and  engineering.  (See 
appendix  table  2-11.) 

Choice  of  major  within  s\E  fields  differs  by  sex  and 
race/ethnicity.  Data  on  freshmen  intentions  for  the  last 
20  years  show  that,  regardless  of  race/ethnicity,  all 
females — except  Asians — inte.  d  a  major  in  the  social  sci¬ 
ences  more  than  in  any  other  science  field;’  ’  males  of  all 
races  intend  to  study  engineering  above  all  other  SiVK 
fields.  Minority  females  intend  to  major  in  the  natural 
sciences  and  engineering  more  than  do  white  females. 
Between  1971  and  1991.  underrepresented  minorities’" 
have  shown  an  increasing  interest  in  SiK  majors.  (See 
figure  2-9.) 

Despite  high  levels  of  freshmen  intentions  for  an  s&K 
major,  in  actuality,  the  percentage  of  students  majoring 
in  natural  science,  mathematics,  and  engineering  fields 
declines  from  27  to  17  percent  between  freshman  and 
senior  years  (Astin,  Astin,  and  Dey  1992).’’  Women  and 
minorities  experience  even  higher  rates  of  attrition. 

Planned  Majors  of  National  Merit  Scholars.  Are 

the  best  and  brightest  students  interested  in  pursuing 


Characteristics  of  American  College 
Freshmen" 

The  data  presented  in  this  section  provide  an  indica¬ 
tion  of  the  growing  interest  of  freshmen  in  studying  s&E 
fields,  as  weii  as  their  perceptions  of  their  academic  pre¬ 
paredness  for  such  majors.  Specifically,  this  section 
explores  trends  in  the  following  selected  characteristics 
of  first-time,  full-time  freshmen  enrolled  in  4-year  univer¬ 
sities  and  colleges: 

♦  planned  majors  by  sex  and  race/ethnicity, 

♦  planned  majors  of  National  Merit  Scholars,  and 

♦  students’  self-reported  need  for  remedial  work  in 
math  and  science. 

Planned  Majors  by  Sex  and  Race/Ethnicity.  For 

the  last  20  years,  about  30  percent  of  all  freshmen  in  4- 
year  colleges  and  universities  have  said  that  they  intend 
to  major  in  science  and  engineering.  Additionally,  fresh¬ 
men  of  every  race/ethnicity  have  high  aspirations  for 
majoring  in  science  and  engineering:  In  1992,  about  44 
percent  of  Asian,  35  percent  of  black  and  Hispanic,  and 
30  percent  of  white  and  Native  American  freshmen 


"Data  on  planned  majors  by  sex.  race/ethnieity,  and  need  for  reme¬ 
dial  work  are  from  the  Higher  Education  Research  Institute.  University 
of  California  at  l.os  Angeles.  Survey  of  the  American  Freshman: 
National  Norms,  unpublished  tabulations.  Although  the  institutional 
population  for  this  survey  is  drawn  from  all  eligible  institutions  of  high¬ 
er  education  (i.e.,  all  institutions  that  were  operating  at  the  time  of  the 
survey  and  had  a  freshmen  class  of  at  least  students)  listed  in  the 
annual  t  ,s.  Department  of  Education  Education  Directory,  the  actual 
sample  is  self-selected.  For  example,  of  the  2.72.b  eligible  institutions 
invited  to  participate  in  the  19b9  survey,  .bfb)  resiwmded.  Some  of  the 
bias  th.  ly  result  from  this  selection  [irocess  is  reduced  in  the  strati¬ 
fication  SI  neme. 


'  Asian  females  intend  to  study  the  natural  sciences  more  than  any 
other  s&F  field. 

"'Underrepresented  minorities  in  s&l-:  include  blacks,  Hispanics.  and 
.Native  Americans. 

"Compare  the  freshman  intentions  data  in  api>endix  table  2-11  with 
the  earned  degree  data  in  appendix  tables  2-19,  2-2t).  and  2-21, 


Figure  2-9. 

Minority  representation  among  freshmen  planning 
to  major  in  a  science  or  engineering  field 


Percent 
20  r  • 


Physics  Biology  Social  sciences  Engineering 


NOTE:  Data  reflect  underrep-  '  minorities  only— i.e..  blacks, 
Hispanics,  and  Native  Amer 

See  appendix  table  2-12. 
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s&E  fields?  One  indicator  for  determining  the  answer  to 
this  question  is  the  stated  choice  of  major  of  National 
Merit  Scholars.  These  students  represent  the  top  0.5  per¬ 
cent  of  the  Nation’s  high  school  graduates  in  terms  of 
academic  achievement.  In  1992,  over  40  percent  of  all 
National  Merit  Scholars  were  interested  in  majoring  in 
either  the  natural  sciences  or  engineering.  (See  appendix 
table  2-13.)  Interest  in  the  biological  sciences,  physics, 
and  mathematics  and  statistics  increased,  white  plans  to 
major  in  the  social  sciences  and  business  decreased. 
Between  1985  and  1989,  National  Merit  Scholars  showed 
a  declining  interest  in  all  S&E  fields  except  the  social 
sciences.  From  1989  to  1992,  however,  this  trend  was 
somewhat  reversed,  as  Merit  Scholars  expressed  an 
increasing  interest  in  majors  in  the  natural  sciences  and 
engineering.  (See  figure  2-10.) 

Reported  Need  for  Remedial  Work  in  Math  and 
Science.  A  large  proportion  of  freshmen  say  they  need 
remedial  work  in  math  and  science.  For  the  last  15 
years,  about  20  percent  of  the  freshmen  class  who 
intend  to  major  in  science  and  engineering  thought  they 
needed  remedial  work  in  math;  about  10  percent  felt 
they  needed  remedial  work  in  science.  (See  appendix 
table  2-14.) 

The  perceived  need  for  remedial  work  varies  by  intend¬ 
ed  major,  sex,  and  race/ethnicity.  (See  figure  2-11.)  In 
1992,  students  planning  to  major  in  engineering  or  the 
physical  sciences  were  less  likely  to  express  a  need  for 
remedial  work  in  math  or  science  than  were  their  peers 
who  planned  a  biological  or  social  science  major.  Females 
intending  to  study  physics  expressed  more  need  for 


Figure  2-10. 

Choice  of  majors  of  Merit  Scholars 


Percent 
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remedial  work  in  mathematics  and  science  than  did 
males.  Between  30  and  50  percent  of  minority  students 
across  all  fields  said  they  needed  remedial  work  in  math, 
and  between  20  and  24  percent  said  they  needed  remedi¬ 
al  work  in  science. 

Part  of  this  lack  of  confidence  in  their  ability  to  do  col¬ 
lege  work  in  math  and  science  relates  to  students’  lack  of 
persistence  in  these  courses  throughout  high  school.  A 
study  of  coursetaking  behavior  of  high  school  students 
conducted  between  1987  and  1993  shows  that  a  signifi¬ 
cant  proportion  of  high  school  seniors  do  not  enroll  in 


Figure  2-11. 

Freshmen  reporting  need  for  remedial  work  in  math  and  science,  by  intended  major:  1992 

Need  remedial  work  in  math  Need  remedial  work  In  acience 


Percent 


Percent 


50 


J 


NOTE:  Ur-'  -represented  minorities  are  blacks,  Hispanics,  and  Native  Americans. 
Seeappei  table  2-14. 
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Technical  Education  in  Japan  and  Germany 


Japan  and  Germany  are  often  cited  for  their  commit¬ 
ment  to  vocational  training  for  skilled  personnel — a 
commitment  that  probably  contributes  to  their  eco¬ 
nomic  success,  particularly  in  manufacturing  indus¬ 
tries.  Following  is  information  on  the  technical  educa¬ 
tion  programs  of  these  countries  within  their  higher 
education  systems. 

Japan  has  technical  and  junior  colleges  that  provide, 
among  others,  engineering  technology  degrees  com 
parable  to  u.s.  associate  degrees  in  this  field.  The  num¬ 
ber  of  Japanese  degrees  at  this  level  are,  however,  rela¬ 
tively  small,  amounting  to  about  one-fifth  of  Japan’s 
university  degrees  in  engineering  (Monbusho  1991). 
In  1991,  Japan  produced  around  18,000  degrees  at  the 
associate  level  and  87,000  engineering  degrees  at  the 
bachelors  level.  Programs  of  study  in  engineering 
technology  offered  at  Japanese  junior  colleges  include 
information  processing,  laboratory  technician  training, 
and  electronics  (Cummings  1993).  Graduates  in  Japanese 
technical  colleges  are  trained  in  more  narrowly  spe¬ 
cialized  technical  areas  in  engineering  (production, 
construction,  industrial  chemistry,  information,  and 
electronics)  than  are  junior  college  graduates.  Over  90 
percent  of  Japan’s  junior  and  technical  college  gradu¬ 


ates  directly  enter  the  country’s  high-skill  labor  force. 

German  polytechnics,  called  Fachhochschulen,  pre¬ 
pare  students  for  work  in  various  technical  specialties. 
There  is  no  equivalent  institution  in  the  United  States, 
but  the  bachelors  degree  in  engineering  technology  in 
U.s.  universities  is  similar  to  the  Fachhochschulen  engi¬ 
neering  degree.  With  approximately  one-third  of  the 
college-age  population  of  the  United  States,  Germany 
produced  20,000  Fachhochschulen  graduates  in  1990 — 
slightly  more  than  the  19,000  U.s.  engineering  technol¬ 
ogy  degrees  awarded  at  the  bachelors  level  that  year. 

Fachhochschulen  were  established  in  the  early  1970s 
as  an  educational  reform  to  address  the  serious  short¬ 
age  of  skilled  workers  (Friedeburg  1990) .  They  are  an 
important  source  of  training  for  engineers,  accounting 
for  slightly  more  than  the  number  of  university  engi¬ 
neering  degrees  awarded  in  Germany  (Mintzes  and 
Tash  1984).  Germany  would  like  to  divert  more  of  its 
engineering  students  from  universities  to  Fachhoch¬ 
schulen  and  have  an  even  greater  percentage  of  graduates 
trained  in  these  polytechnics.  The  German  Govern¬ 
ment  is  establishing  new  Fachhochschulens  in  the  for¬ 
mer  East  Germany  to  create  a  more  highly  skilled  labor 
force  and  to  foster  economic  growth  in  that  region. 


any  science  or  mathematics  course."  Females,  more 
often  than  males,  are  advised  that  they  do  not  need  to 
take  math  or  science  in  their  senior  year.  (See  appendix 
table  2-l.'5.)  In  the  senior  class  of  1993,  only  13  percent  of 
the  males  and  9  percent  of  the  females  had  taken  calcu¬ 
lus:  only  32  percent  of  the  males  and  27  percent  of  the 
females  had  taken  physics.  (See  appendix  table  2-16.) 
Among  all  students  planning  a  career  in  mathematics, 
science,  or  engineering,  fewer  than  two-thirds  had  com¬ 
pleted  a  physics  course,  and  (mly  a  third  had  attempted  a 
high  school  calculus  course. 

Associate  Degrees  in  S&E 

Technical  education  contributes  to  a  skilled  and  com¬ 
petitive  labor  force.  ("Technical  Education  in  Japan  and 
Germany"  describes  how  other  countries  provide  the 
vocational  training  critical  to  a  highly  industrialized 
economy.)  For  example,  most  of  the  700  colleges  offer¬ 
ing  associate  degrees  in  engineering  technology  have 
arrangements  with  secondary  schools  to  offer  technical 
preparation  programs,  and  with  industry  to  train  or 
retrain  workers.'"  Additionally,  the  increased  emphasis 
on  a  competitive  workforce  has  caused  community 


'  nu  si'  (lain  arc  frniii  llic  l.iinKiliidinal  Study  of  Anu'rii-aii  Yoiilb. 
Several  oilier  studies  related  to  this  issue  are  discussed  in  chapter  1. 
"Student  I’ersistence  iii  Science  and  Matheiuatics  Courses." 

All  all  of  these  schools  also  have  arran,i;eiueuts  for  student 
traiisfei  ,  ,  1-year  profjraiiis  (sits  fDi  thcouiiui;). 


colleges  to  establish  new  advanced  technological  educa¬ 
tion  programs.  The  National  Science  Foundation  has  a 
$10  million  budget  in  1994  to  improve  such  programs  in 
2-year  institutions.  This  section  provides  some  baseline 
information  on  associate  degrees  in  science,  engineer¬ 
ing,  and  engineering  technology.-"' 

In  1991,  of  the  486,000  associate  degrees  awarded,  only 
19,000  were  in  s\l-:  fields  and  4.5,000  were  in  engineering 
technology.  (See  appendix  table  2-17.)  Associate  degrees 
in  SiC:!-:  have  declined  in  absolute  numbers  from  1983  to 
1991.  reflecting  the  decrease  in  the  pool  of  t  .s.  college- 
age  students.  In  engineering  technology,  associate 
degree  awards  increased  an  average  of  6  percent  per 
year  from  197,5  to  198.5;  there  has  been  a  2-percent  annu¬ 
al  decline  since  then,  somewhat  mirroring  the  decline  in 
engineering  bachelors  degrees. 

Women  receive  almost  half  of  all  associate  degrees 
awarded  in  the  natural  sciences  and  mathematics/com¬ 
puter  sciences,  but  only  about  1 1  percent  of  the  degrees 
in  engineering  and  engineering  technology.  Associate 
degrees  declined  between  1983  and  1991  for  males,  but 
not  for  females  or  underrepresented  minorities.  (See  text 
table  2-5  and  appendix  tables  2-17  and  2-18.)  This  group 
— which  includes  black,  Hispanic,  and  Native  American 
students — is  approximately  18  percent  of  the  undergrad¬ 
uate  population,  and  received  15  percent  of  the  associate 


’Ovcr.ill  trends  :ire  iiviiilable  fur  IttT.'i  to  llltd;  decrees  by  rare/ 
ethnieily  are  available  for  IttS:’,  lo  IPtlf. 
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Text  table  2-5. 

Share  of  associate  degress  in  S&E  obtained  by 
underrepresented  minorities 


Field 

1985 

1991 

- Percent - 

Ail  fields . 

13.4 

14.5 

All  S&E  fields  . 

12.2 

15.1 

Natural  sciences . 

9.7 

10.1 

Math/computer  sciences  . 

12.2 

19.6 

Social  sciences . 

26.2 

25.7 

Engineering . 

7.3 

11.9 

Engineering  technology . . 

10.7 

13.3 

See  appendix  table  2-1 8.  Science  S  Engineering  Indicators  -  1993 


degrees  in  s&E  in  1991.  This  figure  represents  an  im¬ 
provement  in  participation  rates  in  some  fields  of  S&E 
from  1985  levels,  mainly  in  mathematics/computer  sdences 
and  engineering.  Junior  colleges  show  a  greater  share  of 
minority  achievement  (earned  associate  degrees)  than  4- 
year  colleges. 

Bachelors  Degrees  in  S&E-’ 

Bachelors  degree  awards  in  science  and  engineering, 
like  associate  degrees,  increased  until  the  mid-1980s  and 
then  decreased  for  the  rest  of  the  decade.  (See  appendix 
table  2-19.)  'Fhere  were  some  variations  by  field,  however. 
(See  figure  2-12.) 


-'Data  in  this  section  are  from  the  National  Center  for  E^ducation 
Statistics.  Earned  Degrees  and  Completions  Surveys. 


Figure  2-12. 

Bachelors  degrees  awarded  in  science  and  engineering 


Number  of  degrees 


See  appendix  table  2-19. 
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♦  ITie  absolute  numbers  of  engineering  degrees  declined 

4  jxTcent  annually  from  1986  to  1991;  this  decrease  par¬ 
tially  reflected  the  declining  college-age  population. 

♦  Natural  science  degrees  declined  slowly,  at  2.5  per¬ 
cent  annually,  over  a  long  time  period  (1977-89). 
There  was  a  slight  upturn  in  degrees  in  this  field  in 
1991 — the  result  of  increasing  numbers  of  women 
obtaining  degrees  in  natural  science  fields. 

♦  The  absolute  numbers  of  mathematics/computer  sci¬ 
ences  degrees  declined  7  percent  annually  from 
1986  to  1991. 

♦  Social  science  degrees  declined  3  percent  annually 
from  1975  to  1985,  but  have  increased  by  more  than 

5  percent  annually  since  1985. 

By  subfield,  there  are  still  more  variations  in  degree 
award  patterns.  (See  figure  2-12.)  The  most  dramatic  of 
these  variations  is  in  the  computer  sciences,  which 
dropped  10  percent  annually  between  1986  and  1991 
after  a  long  period  of  rapid  growth.  Awards  in  the  biolog¬ 
ical  and  agricultural  sciences  declined  slowly  between 
1978  to  1989,  although  there  has  been  some  growth  in 
these  subfields  since  then. 

Bachelors  Degrees  by  Sex.  Women  make  up  55 
percent  of  the  undergraduate  population  and  receive  56 
percent  of  the  bachelors  degrees  in  the  social  sciences. -- 
Women  are  approaching  similar  parity  in  a  few  fields  of 
the  natural  sciences.  For  example,  women  received  49 
percent  of  the  bachelors  degrees  in  the  biological  sci¬ 
ences  in  1991.  (See  text  table  2-6.)  However,  women 
received  only  32  percent  of  the  bachelors  degrees  in  the 
physical  sciences  in  1991.  Physics  departments  have 
only  5  percent  female  faculty  and  few  minorities,  perhaps 
adding  to  the  difficulty  of  attracting  these  student  popu¬ 
lations  (SRS  1992e).  Males  obtain  the  vast  majority  of 
engineering  and  engineering  technology  degrees,  and 
the  majority  of  mathematics/ computer  sciences  degrees. 

Overall,  the  increasing  equality  in  the  natural  sciences 
has  not  resulted  from  large  increases  in  the  number  of 
female  degrees  between  1975  and  1991;  degrees  to 
females  during  this  period  increased  only  1  percent 
annually,  from  23,000  to  29,000.  Rather,  there  is  a  higher 
female  participation  rate  because  degrees  awarded  to 
females  did  not  decline,  as  they  did  for  men.  Degrees 
awarded  to  men  in  the  natural  sciences  began  to  decline 
in  1977,  dropping  3  percent  annually  from  65,000  in  1977 
to  36,000  in  1991.  (See  appendix  table  2-19.) 

Bachelors  Degrees  by  Race/EthnIcIty.  Recent 
freshmen  intentions  data  indicate  growing  interest  in 
planned  sx.!-;  majors  among  all  minority  groups,  but 
degree  data  show  that  minority  groups  remain  underrep- 


'I’crhaps  not  coiiK'identally.  the  full-tinic  faculty  of  t  .s.  sociolojiy 
(Iciiartnv  '•;  includes  a  liiKli  proportion  (41  percent)  of  women  (sKs 
IfiPL'f). 


Text  table  2-6. 

Dlstributton  of  bachelors  degrees  in  S&E, 
by  field  and  sex 


Field 

1975 

Male  Female 

1991 

Male  Female 

Natural  sciences . 

73.4 

Percent 

26.6  55.5 

44.5 

Physical  sciences . 

81.2 

18.8 

67.6 

32.4 

Environmental  sciences .  .  . 

83.0 

17.0 

71.3 

28.7 

Biological/agricultural 
sciences . 

70.7 

29.2 

51.3 

48.7 

Math/computer  sciences .  .  .  . 

62.9 

37.0 

63.9 

36.1 

Mathematics . 

58.0 

42.0 

52.7 

47.2 

Computer  sciences . 

81.0 

19.0 

63.9 

29.6 

Social  and  behavioral 

sciences . 

57.0 

43.0 

44.0 

56.0 

Psychology . 

47.3 

52.7 

27.4 

72.6 

Social  sciences . 

61.5 

38.4 

52.8 

47.2 

Engineering . 

97.9 

2.1 

84.5 

15.5 

Engineering  technology  .  .  .  . 

93.8 

6.2 

89.3 

10.7 

See  appendix  table  2-19.  Science  &  Engineering  Indicators  -  1993 


resented  in  terms  of  s&E  baccalaureate  awards.-  '  Although 
9  percent  of  the  freshmen  students  who  intended  to 
major  in  s&E  in  1986  were  black.  4  years  later  only  6  per¬ 
cent  of  the  bachelors  degrees  in  s&H  were  obtained  by 
this  minority  group,  (See  appendix  tables  2-12  and  2-22.) 

Blacks  attained  a  3.!>percent  annual  increase  in  engi¬ 
neering  degrees  and  a  7-percent  annual  increase  in 
mathematics/computer  science  degrees  between  1977 
and  1991.  There  has  been  no  growth,  however,  in  blacks’ 
degree  completions  in  the  natural  sciences.  Hispanic  stu¬ 
dents  increased  their  engineering  and  computer  science 
degrees  at  annual  rates  of  5  and  10  percent,  respectively, 
between  1977  and  1991,  and  increased  their  natural  sci¬ 
ence  degrees  at  an  annual  rate  of  2  percent.  These 
increases  in  minority  degrees-'  have  resulted  in  modest 
improvements  in  their  participation  rates  in  NSXE 
degrees  between  1977  and  1991.  (See  figure  2-13.) 

Foreign  students  are  only  3  percent  of  the  undergradu¬ 
ate  population,  but  they  obtain  7  percent  of  the  engineer¬ 
ing  degrees  because  of  their  strong  focus  on  this  field. 

Graduate  S&E  Students  and  Degrees 

Of  the  415,000  graduate  students  in  s^t;  fields  in  1991, 

♦  almost  a  third  were  in  the  social  sciences, 

♦  over  a  quarter  were  in  the  natural  sciences, 

♦  over  a  quarter  were  in  engineering,  and 


'■Studies  and  resenRh  on  the  participation  of  minorities  in  s&i;  edu¬ 
cation  are  discussed  in  ‘‘Improvind  Minority  Participation  in  S&E 
Education." 

'Defrrees  to  Native  Americans  decreased  in  the  same  pattern  as  in 
the  overall  student  population. 
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Improving  Minority  Participation  in  S&E  Education 


The  slow  progress  in  improving  the  retention  and 
degree  completion  rates  of  minorities  in  science  and 
engineering  has  been  widely  noted  and  discussed 
(see,  for  example.  Bagayoka  1993).  Increasingly, 
experts  are  realizing  that  precollege  preparation  plays 
a  significant  role  in  future  s&F.  degree  selection  and 
completion.  For  example,  to  better  understand  the 
determinants  of  success  in  s&E,  a  longitudinal  study  of 
25,000  undergraduate  students  was  conducted  between 
1985  and  1989.  The  study  found  that  overall  academic 
competence  and  math  achievement  upon  entering  col¬ 
lege  were  most  closely  linked  with  students’  choice  of 
and  persistence  in  an  S&E  field  (Astin,  Astin,  and  Dey 
1992).  In  other  words,  if  a  student  has  a  strong  high 
school  preparation,  other  variables — like  the  type  of 
academic  institution  attended,  family  income,  parental 
occupation,  etc. — are  less  significant  in  determining 
whether  the  student  will  obtain  an  s&E  bachelors 
degree. 

The  impact  of  this  and  similar  studies  has  led  at 
least  one  group  attempting  to  improve  minority  reten¬ 
tion — the  National  Action  Council  for  Minorities  in 
Engineering — to  shift  its  focus  to  precollege  pro¬ 
grams.  including  Saturday  science  academies,  sum¬ 
mer  science  camps  and  institutes,  research  apprentice¬ 


♦  about  an  eighth  were  in  mathematics  and  the  com- 
putei  sciences. 

The  s&E  fields  showing  the  greatest  growth  in  both 
enrollment  and  degree  awards  were  mathematics/com¬ 
puter  sciences  and  engineering,  fhirollments  in  these 
fields  grew  annually  at  (i  and  4  i)ercent,  respectively. 


ships,  teacher  enhancement,  curriculum  improvement, 
and  problem-based  learning.  At  the  national  level, 
math  educators  are  developing  standards  for  course- 
work  and  student  accountability  to  improve  academic 
preparedness  at  the  high  school  level.  At  the  federal 
level,  the  National  Science  Foundation  and  the 
Department  of  Education — with  80  percent  of  the 
funding  for  math  and  science  education  improve¬ 
ment — have  signed  a  memorandum  of  understanding 
to  coordinate  their  standards-based  educational  pro¬ 
grams. 

Higher  education  institutions  are  also  establishing 
programs  and  improving  introductory  courses  to 
reduce  attrition  in  science  and  engineering. 
Curriculum  reforms  and  innovative  teaching  methods 
(e.g.,  cooperative  learning  and  visualization  aids  in 
higher  mathematics)  that  began  in  a  few  selective 
research  universities  are  now  spreading  to  large  state 
schools  (Cipra  1993).  Beyond  providing  better  teach¬ 
ing  and  remedial  tutoring,  higher  education  institu¬ 
tions  have  also  been  asked  to  enhance  financial  sup¬ 
port,  social  integration,  student-faculty  interactions, 
and  essential  mentoring  of  women  and  ethnic  minori¬ 
ties  to  improve  retention  in  science  and  engineering 
(Grant  and  Ward  1992). 


between  1977  and  1991;  enrollments  in  the  natural  and 
social  sciences  grew  at  less  than  1  percent.  (See  appendix 
table  2-23.) 

'fhis  section  discusses  the  growth  in  graduate  enroll¬ 
ments  and  degree  awards,  particularly  among  female 
and  foreign  students.  It  also  examines  growth  trends  in 
specific  fields  at  the  masters  and  doctoral  levels. 


Figure  2-13. 

Bachelors  degrees  in  the  natural  sciences  and  engineering  awarded  to  minorities 


Natural  sciences 


Engineering 


Percent 


Percent 


See  apt  <  table  2-22. 
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Recent  Trends  in  Graduate  Enrollments 

Graduate  student  enrollment — both  at  the  masters 
and  doctoral  levels — in  s&K  grew  steadily  at  a  rate  of  2 
percent  per  year  from  1977  to  1991.  As  in  undergraduate 
s&E  education,  much  of  this  growth  was  fueled  by  large 
increases  in  the  number  of  women  enrolling  in  these 
programs.  The  number  of  women  enrolled  in  s&K  gradu¬ 
ate  programs  rose  from  about  78,000  in  1977  to  142,000 
in  1991.  By  1991,  more  than  a  third  of  graduate  s&E  stu¬ 
dents  were  female,  compared  to  a  quarter  in  1977.  Repre¬ 
sentation  of  women  varied  by  field,  however,  as  shown  in 
figure  2-14  and  appendix  table  2-23. 

Foreign  students  also  drove  much  of  the  growth  in 
graduate  enrollment.  Enrollment  by  foreign  citizens  grew 
more  than  5  percent  annually  between  1983  and  1991; 
non-O.S.  citizens  now  comprise  over  one-quarter  of  all  S&E 
graduate  students. 

Underrepresented  minorities  have  had  a  slower  enroll¬ 
ment  growth  rate  than  have  all  graduate  students  during 
this  same  time  period,  and  from  a  smaller  base.--’  In 
1991,  blacks,  Hispanics,  and  Native  Americans  together 
accounted  for  only  about  4.6  percent  of  the  graduate  stu- 


■'■’Data  on  s&K  graduate  enrollment  by  racial/ethnic  group  are  avail¬ 
able  for  f.s.  citizens  only. 


Figure  2-14. 

Graduate  enrollment  in  science  and  engineering 
programs,  by  sex 


Thousands 


300 


250 


200 


150 


100 


50 


0 


[  I  Engineering 
I  I  Natural  sciences 
m  Social  sciences 

Male  I 


Female 


1977  1984  1991 


NOTE:  The  natural  sciences  include  math/computer  sciences. 
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dent  population  in  the  natural  sciences  and  about  4  percent 
in  engineering.  (See  figure  2-1.5  and  appendix  table  2-24.) 

Masters  Degrees  In  S&E-' 

From  1981  to  1991,  the  number  of  s&E  masters  degrees 
obtained  each  year  increased  at  a  slightly  faster  rate  than 
did  masters  degrees  in  all  fields  (2  and  1  percent,  respec¬ 
tively).  This  growth  masked  significant  differences  by 
field,  however.  For  instance,  annual  production  of  mas¬ 
ters  degrees  in  mathematics/compiiter  sciences  and  in 
engineering  grew  at  much  faster  rates  than  did  masters 
degrees  in  other  S&E  fields.  Between  1981  and  1991,  the 
number  of  degrees  in  mathematics/computer  sciences 
increased  an  average  of  6.7  percent  annually,  and  nearly 
doubled  over  the  period  (from  6,800  to  13,000  degrees). 
Engineering  degrees  increased  4  percent  annually  during 
this  period,  reaching  24,000  degrees  by  1991.  Masters 
degrees  in  the  natural  sciences  declined  slightly  from 
1981  to  1991  at  a  rate  of  1  percent  annually;  social  science 
degrees  increased  by  fewer  than  1  percent  annually. 

The  number  of  masters  degrees  awarded  in  the  natu¬ 
ral  sciences  began  a  slow  decline  in  1975,  as  male  partici¬ 
pation  in  this  field  dropped.  The  number  of  masters 
degrees  in  the  natural  sciences  obtained  by  males 
declined  by  one-third  between  1975  and  1991 — dropping 
from  12,000  to  8,000.  (See  appendix  table  2-25.)  This 
decline  was  somewhat  offset  by  an  increasing  number  of 
natural  science  degrees  for  females;  Masters  degrees  to 
females  in  this  field  increased  from  3,000  to  5,000  during 
this  period.  Much  of  this  growth  was  concentrated  in  the 
biological  sciences. 

In  contrast  to  this  increase  for  women,  the  participa¬ 
tion  rates  of  underrepresented  minorities  in  masters 
level  .s&E  programs  has  changed  little  since  1977 — either 
across  all  of  S&E  or  in  terms  of  their  relative  fields  of  con¬ 
centration.-'  (See  text  table  2-7.)  Continuing  the  trends 
of  the  last  14  years,  in  1991,  underrepresented  minorities 
received  most  of  their  masters  degrees  in  the  social  sci¬ 
ences — 4,600,  compared  to  600  degrees  both  in  the  natu¬ 
ral  sciences  and  mathematics/computer  sciences,  and 
900  degrees  in  engineering.  Masters  degrees  for  Asians, 
on  the  other  hand,  were  concentrated  in  engineering  and 
in  mathematics/computer  sciences.  Over  the  1977-91 
period,  annual  increases  in  awards  to  Asians  in  these 
fields  were  7  and  14  percent,  respectively. 

Doctoral  Degrees  In  S&E  ' 

The  number  of  .s&E  doctoral  degrees  grew  twice  as 
fast  as  all  doctoral  degree  awards  between  1978  and 


-’■■Data  lor  s&K  masters  degrees  are  from  the  National  Center  for 
Etluealion  Statistics  annual  survey  of  earned  degrees;  the  data  have 
been  adapted  to  .National  .Science  Foundation  field  classifications. 

'•Data  on  race/ethnicity  reflect  t  .s.  citizens  and  permanent  resi¬ 
dents  only. 

’’Data  on  s&l.  doctorates  granted  in  the  I'nited  States  are  from  the 
National  Sciimce  Foundation's  Survey  of  Earned  Doctorates;  see  sKs 
(ItItHd). 
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Figure  2-15. 

Graduate  enrollment  in  science  and  engineering  programs,  by  race/ethnicity/citizenship 


NOTE:  The  natural  sciences  include  math/computer  sciences. 

See  appendix  table  2-24.  Science  S  Engineering  Indicators  -  1993 


1991 — 2  percent  versus  1  percent  annually.  The  number 
of  engineering  doctoral  degrees  increased  at  a  faster  rate 
than  did  any  other  field,  rising  6  percent  annually  since 
1978  and  reaching  over  5,000  degrees  in  1991.  The  num¬ 
ber  of  mathematics/computer  science  doctorates 
obtained  annually  was  around  1,000  between  1975  and 
1985:  this  number  increased  to  1,800  degrees  by  1991. 


Text  table  2-7. 

Share  of  masters  degrees  in  S&E  obtained  by 
underrepresented  minorities 


Field 

1977 

1991 

— 

-Percent - 

All  fields . 

9.1 

7.9 

All  S&E  fields . 

7.8 

7.3 

Natural  sciences . 

4.0 

4.5 

Math/computer  sciences  .  .  . 

4.7 

4.8 

Social  sciences . 

11.3 

11,1 

Engineenng . 

3.2 

3.8 

See  appendix  table  2-26  Science  &  Engineenng  Indicators  -  1993 


Natural  science  awards  have  grown  modestly,  increasing 
from  8,000  to  10,000  between  1975  and  1991 — a  1.4  per¬ 
cent  average  annual  growth  rate.  The  production  of  doc¬ 
toral  degrees  in  the  social  sciences  has  been  quite  stable 
since  1975  at  about  6,500  awards  annually.  (See  appendix 
table  2-27.) 

Doctorates  by  Sex  and  Race/Ethnicity.  Females 
received  half  the  social  and  behavioral  science  degrees 
and  over  a  quarter  of  the  natural  science  degrees  at  the 
doctoral  level  in  1991.  This  represents  a  doubling  of 
female  participation  rates  in  these  s&K  fields  since  1975. 
However,  women  received  relatively  few  engineering  or 
mathematics/  computer  sciences  degrees  at  the  doctoral 
level — 9  and  17  percent,  respectively.  (See  appendix 
table  2-27.) 

The  number  of  doctorates  obtained  by  underrepre¬ 
sented  minorities  has  increased  in  all  fields  of  s&K,  espe¬ 
cially  the  social  and  natural  sciences.-"'  This  growth  is 
from  a  small  base,  however:  These  populations  still  rep¬ 
resent  only  0.4  percent  of  all  S&K  doctoral  degrees.  (See 
appendix  table  2-28.) 


-“'Data  on  rart'A'Ihnicily  rffltvl  l  .s.  cilixcns  anti  pcrmatifnl  resi¬ 
dents  only. 
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Foreign  Students  in  U.S.  Doctoral  Programs 

Doctoral  Awards  to  Foreign  Students  by  Field. 

Fort'ii'n  students  continued  t(j  increase  their  share  of 
I  .s.  doctoral  dej^rees  in  1991,  lliey  obtained  over  25  [xt- 
cent  of  all  natural  science  dejjrees,  over  40  percent  of 
niatheniatics/computer  scietices  dejjrees.  and  over  15 
percent  of  enjiineerinjf  decrees.  (See  figure  2-10.)  'lliese 
awards  wert'  primarily  made  to  Asian  natives;  Students 
from  Asian  countries  received  5  times  more  v<:i:  doctor 
ates  from  Anx'rican  universities  than  did  students  from 
North  and  South  America  and  Central  and  Western 
Kurope  combined.  (See  “Asitui  Students  in  I'.S.  I'niversities.") 

Foreign  Student  Stay  Rates.  '  In  the  last  few  years, 
about  half  of  the  foreign  students  who  obtained  doctoral 
degrees  from  I  .s.  univt>rsities  planned  to  stay  in  the 
United  States  following  graduation.  The  decision  to 
locate  in  the  United  States  is  influem  d  by  emplovntent 
opportunities  to  use  their  advanced  knowledge,  .is  well 
as  the  political  and  economic  situation  in  the  sending 
country.  Plans  to  stay  thus  vaiy  by  country  of  origin.  In 
1991,  about  50  percent  of  the  foreign  SM-.  doctoral  recipi¬ 
ents  from  North  ;ind  South  America  itlanned  to  remain  in 
the  United  States;  about  50  perceitt  of  the  Uuropean  aitd 
02  percent  of  the  Asian  SiVi:  doctoral  recipients  planned 


Data  in  this  st'i'lion  arc  ilcrivcd  Iroin  liic  Natiimal  Sr  icncc  I'ounda- 
lion's  Siiivcy  ol  Karncd  Doctorates.  Ilic  siirr'cy  iti'iit  on  iiosti>r;t(ltiation 
pliins  li;is  an  SO-|)tTCcnt  response  rale  amoiiK  loreiKii  doctoral  recipients. 
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to  stay.  ■'  (See  figure  2-1'^.) 

By  countiy .  Canada  has  had  a  high  percentage  of  doc¬ 
toral  recipients  planning  to  remain  in  the  United  States. 
(See  appendix  table  2-29.)  .^mong  Kuropean  nations, 
(ireece  and  the  United  Kingdom  have  the  highest  ptT- 
centages  of  sx.i:  doctorates  planning  to  locate  in  the 
United  States — .50  and  71  percent,  res|H*ctively.  .Among 
the  .Asian  countries  that  send  significant  numbers  of  dtx'- 
tora!  students  to  i  s.  u..iversities.  laiwan  and  South 
Korea  have  the  lowa-st  stay  rates  after  graduation;  China 
and  India  have  the  highest.  I'he  pattern  appears  to  be 
that  Asian  economies  develop,  they  have  more  capaci¬ 
ty  to  absorb  the  large  numbers  of  s\i;  doctorate-holders 
from  l  .s.  universities.  Because  China  is  now  the  fastest 
growing  economy  in  the  world,  the  stay  rate  of  r.s.-edu- 
cated  doctoral  recipients  from  China  may  decline  in  the 
near  futuri'.  (Set'  aiipendix  table  2-29.) 

Across  all  countries,  the  percentages  of  those  with 
firm  plans  to  stay — i.e..  those  with  firm  appointments  for 
postdoctoral  study,  or  firm  academic  or  industrial 
employment  offers  from  organizations  in  the  United 
States — are  much  lower  than  are  the  percentages  of 
those  who  say  they  would  like  to  stay.  It  is  noteworthy. 


'Ilu-Sf  piTi'citlancs  mask  Impr  (lillcn'm'fs  in  mimbiTs  ul'  iluclor- 
aU's.  lor  fxamitk-.  in  I'.IUI.  thn-r  timrs  as  many  .\sian  s<xi'  ilin'toral 
r«'sipicnls  pkinned  to  slay  .'nd  work  in  llm  I  iiilnd  Stains  as  did  s.yi 
(liKiiirali's  iVom  the  .Amni'inas  and  Kninpi'. 


Figure  2-16. 

Foreign  citizens  in  U.S.  graduate  science  and  engineering  programs 

As  a  percentage  of  total  graduate  enrollment  as  a  percentage  of  Ph.D.  recipients 


Total  science 
&  engineering 


Social  sciences 


Natural  sciences 


Math/computer 

sciences 


Engineering 


50 

40  30  20 

Percent 

10 

0 

0 

10 

20  30  40 

Percent 

50 

See 

indi*  tables  2-24  and  2-28 

Science  S  Engineering  Indicators  - 

1993 

Science  &  Engineering  Inaicalois  -  1993 


*  53 


Asian  Students  in  U.S.  Universities 


Over  40().()0()  foreign  students — 3  percent  of  total 
I  .s.  enrollment — attend  I'.s.  institutions  of  higher  edu¬ 
cation.  Over  half  of  these  students  (55  percent)  come 
from  Asia;  In  1991.  43  percent  of  undergraduate  for¬ 
eign  students  were  Asian,  and  65  percent  of  the  gradu¬ 
ate  (IlK  1991).  One  reason  for  this  concentration  is  that 
the  sharp  jump  in  the  value  of  Asian  currencies  rela¬ 
tive  to  the  t ^s.  dollar  has  greatly  increased  the  number 
of  Asian  students  with  the  financial  ability  to  study  in 
this  country  (SKS  1993c). 

Asians  tend  to  major  in  s&K.  Over  80  percent  of  the 
baccalaureates  obtained  in  the  United  States  by  Asian 
natives  were  in  s&K  in  1991  (SRS  1993c).  Japanese  stu¬ 
dents  are  the  single  exception  to  this  trend.  (See  text 
table  2-8.)  Over  half  of  the  Japanese  students  enrolled 
in  undergraduate  programs  at  I'.S.  universities  in 
1989/90  were  in  non-S&K  fields. 

At  the  graduate  level,  too,  a  large  percentage  of 
Asian  students  in  U.S.  universities  are  ^  nrolled  in  s&E 
programs.  P'or  example,  96  percent  of  't'aiwanese  stu¬ 
dents  and  93  percent  of  Indian  students  w«.Te  in  S&E 
fields  in  1989/90.  Asian  countries  have  encouraged 
this  focus  on  science  and  engineering  by  providing 
scholarships  for  study  abroad  in  these  fields. 

I'.s.  higher  education  institutions  are  also  a  signifi¬ 
cant  source  for  the  doctoral  education  of  Asian  stu¬ 
dents.  educating — based  on  data  from  China,  India, 
Japan,  South  Korea,  and  Taiwan — approximately  one- 
quarter  of  Asian  Ph.D.  recipients.  L^s.  universities  pro¬ 
vide  more  engineering  doctorates  to  Indian  students 
than  does  India,  and  more  natural  science  and  engi¬ 
neering  doctorates  to  Taiwanese  students  than  does 
Taiwan.  About  half  of  South  Korea's  doctoral  degrees, 
and  one-third  of  China's,  are  from  U.S.  universities.  On 
the  other  hand.  Japanese  scientists  and  engineers 


Figure  2-17. 

Doctorates  obtained  in  natural  sciences  and 
engineering  by  Asians  within  country  and  in 
the  United  States:  1990 


Number  of  degrees 


SOURCE:  Science  Resources  Studies  Division.  National  Science 
Foundation.  Human  Resources  for  Science  and  Technology:  The  Asian 
Region.  NSF  93-303  (Washington.  DC:  NSF.  1993). 
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obtain  only  a  small  fraction  of  their  doctorates  in  the 
United  States.  (See  figure  2-17.) 


Text  table  2-8. 

Asian  students  in  U.S.  universities 


Total  enrollment  in  U.S.  institutions  Study  level  Major  field  of  study 


Country  1989/90  1990/91  Undergraduate  Graduate  Natural  sciences  Engineering 


Number  Percent  - 

China .  33.390  39.600  12.9  82.7  44.0  20.1 

Taiwan .  30.960  33.530  19  0  76.3  51.0  45  0 

Japan .  29.840  36.610  61.7  19.5  31.0  14.0 

.ndia .  26.240  28.860  21.1  75.5  40.9  52.5 

South  Korea  .  21.710  23.360  24.1  69.7  45.4  35.6 


NOTES  Percentages  by  degree  level  ard  field  are  estimated  from  the  Institute  of  International  Education  1989/90  foreign  student  survey  Details  do  not  add  to 
100  because  of  additional  data  not  included  here 

SOURCES  Institute  of  Internat.onal  Education  (llEl.  Profiles  1989-90.  Detailed  Analyses  of  the  Foreign  Student  Population  (New  York:  1990):  and  ME.  Open 
Doors  1990-91  Report  on  International  Education  Exchange  (New  York  1991) 
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however,  that  postdoctoral  appointments  are  increasing¬ 
ly  filled  by  foreigners  who  obtained  their  doctoral 
degrees  from  r.s.  universities.  (See  appendix  table  2-30.) 
In  1991,  a  full  half  of  the  postdoctoral  appointments  in 
s^yi-;  were  offered  to  non-f.s.  citizens  who  obtained  s&K 
doctoral  degrees  in  l  ..s.  universities,  up  from  about  39 
percent  in  19rSl. 


Major  Sources  of  Financial  Support 

The  cost  of  higher  education  rose  about  four  times 
faster  than  did  family  incomes  between  1982  and  1992.  '- 
Not  surprisingly,  students  have  turned  to  other  sources 
of  support  to  help  pay  for  their  undergraduate  and  grad¬ 
uate  education.  In  the  last  10  years,  external  sources  of 
student  aid  ''''  for  I'.s.  higher  education  have  grown  from 
$16  to  $30  billion  in  constant  dollars  (Knapp  1992). 

External  sources  of  support  have  changed  somewhat 
over  the  decade.  The  largest  source  of  support  was  and 
continues  to  be  the  Federal  Government.  The  lion’s 
share  of  federal  support  consists  of  loans;  Specifically, 
$13.7  billion  (in  1992)  in  the  Guaranteed  Student  Loan 
Program  and  about  .$9  billion  in  grants  and  other  pro¬ 
grams.  (See  appendix  table  2-31.)  In  1992,  some  40  per¬ 
cent  of  the  14  million  students  enrolled  in  higher  educa¬ 
tion  at  all  levels  relied  on  federal  guaranteed  loans  to 
finance  some  part  of  their  education.  This  proportion 
was  up  from  30  percent  less  than  a  decade  ago  (Knapp 
1992). 

Despite  this  increasing  reliance  on  federal  loans,  howev¬ 
er,  the  overall  share  of  federal  financial  aid  declined  over 
the  decade.  In  1982,  the  Federal  Government  accounted 
for  80  percent  of  all  student  aid.  By  1992,  it  accounted  for 
74  percent.  Concurrently,  academic  institutions  increased 
their  share  of  total  student  financial  support  from  12  to  19.5 
percent.  State  grants  to  students  accounted  for  6  percent  of 
financial  aid  throughout  the  decade. 

More  detailed  indicators  of  financial  support  for  higher 
education  are  limited.  This  section  presents  data  on  sup¬ 
port  reported  by  (1)  freshmen  in  4-year  colleges  and  uni¬ 
versities  and  (2)  S&K  graduate  students.  Support  sources 
and  mechanisms  are  discussed,  as  are  the  support  pat¬ 
terns  for  foreign  students  studying  at  f.s,  institutions. 

Support  for  College  Freshmen  ' 

The  rising  costs  of  higher  education  at  4-year  colleges 
and  universities  have  contributed  to  an  increased  stu¬ 
dent  reliance  on  parents  or  other  relatives  for  academic 
support.  In  1992,  about  63  percent  of  all  freshmen. 


fusts  tit  private  and  public  universities  increased  arouitd  f  |M-rcenl 
annually  during  this  ix'i  iod.  while  median  family  incnme  Krew  about  1 
IHTcent  annually  (Knapp  IfIfIL’). 

External  sources  include  federal,  state,  atid  acadi’tnic  institulions’ 
Krant  and  lotin  iirotirtims. 

'Data  in  this  section  are  from  the  Higher  Education  Research 
Institute.  I'niversity  of  falifornia  at  l.os  .Attx’eles.  Survey  of  the 
.American  Ereshman:  National  Norms,  unpublished  tabulations. 


regardless  of  intended  major,  reported  receiving  at  least 
$1,.5(K)  or  more  from  parents  or  other  relatives  to  finance 
their  education.  This  proportion  was  up  considerably 
from  1982,  when  only  46  percent  reported  receiving  at 
least  $1,1300  from  this  source.  " 

Two  other  sources  of  support  became  increasingly  sig¬ 
nificant  during  this  time  period.  In  1982,  9  percent  of 
freshmen  reported  receiving  at  least  $1„500  from  their 
academic  institutions  in  grants  or  scholarships.  This  pro¬ 
portion  had  climbed  dramatically  by  1992,  when  almost  a 
quarter  (22  percent)  of  all  freshmen  cited  this  source  of 
support.  Students'  own  savings  accounted  for  at  least 
$1,.500  in  support  for  9  percent  of  the  freshmen  in  1982, 
and  for  16  percent  in  1992. 

The  proportion  citing  reliance  on  federal  loans  re¬ 
mained  steady  over  the  period,  on  the  other  hand.  In 
1992.  as  in  1982,  about  18  percent  of  all  freshmen  report¬ 
ed  receiving  at  least  $1,500  from  either  federally  guaran¬ 
teed  student  loans  or  direct  federal  loans. 


Support  for  S&E  Graduate  Students " 

In  1992,  academic  institutions  continued  to  account  for 
the  majority  of  support  for  masters  and  doctoral  students 
in  S&K.  The  predominant  mechanisms  of  support  for 


-Tlu'  lowfor  limit  of  .S1,.3(K)  was  reported  in  current  dollars. 

■'’Data  on  sources  of  graduate  support  are  from  the  annual  National 
Science  Foundation  fall  survey  of  graduate  s&K  departments  (SKS 
IWKta).  The  survey  asks  all  full-time  graduate  students  to  indicate  their 
"primary”  source  of  support.  Many  students  fund  their  graduate  educa¬ 
tion  with  several  different  sources  of  financial  aid.  some  of  which  are 
not  reported  on  the  survey.  Consequently,  although  the  data  in  this 
section  represent  a  majority  of  support  sources,  they  do  not  represent 
all  sources. 


Figure  2-18. 

Number  and  status  of  foreign  doctoral 
recipients:  1991 
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these  S&K  students  were  research  assistantships  (RAs) 
and  teaching  assistantships.  These  overall  trends  mask 
differences  by  degree  level,  field,  and  citizenship.  The 
following  paragraphs  discuss  these  differences. 

Support  by  Source.  Since  advanced  education  is  a 
critical  means  of  developing  the  human  resources  need¬ 
ed  to  perform  the  Nation’s  s&E  activities,  the  academic, 
industrial,  and  federal  sectors  have  traditionally  been 
key  sources  of  support  for  graduate  s&E  students.  These 
students  are  thus  far  less  likely  than  undergraduates  to 
finance  the  largest  part  of  their  education  through  family 
or  personal  resources.  In  1991,  half  of  the  primary  sup¬ 
port  for  graduate  s&E  students  was  provided  by  nonfed- 
eral  sources  (i.e.,  academic  institutions*'  and  private 
industry);  20  percent  was  from  the  Federal  Government; 
and  30  percent  consisted  of  self-support.  Since  1983,  the 
average  annual  increase  in  the  number  of  students  sup¬ 
ported  by  these  sources  has  risen  by  3,  4,  and  1  percent, 
respectively. 

The  number  of  s&E  graduate  students  supported  by 
nonfederal  sources  grew  steadily  in  the  eighties  and  has 
grown  more  sharply  since,  rising  from  123,000  in  1983  to 
over  153,000  students  in  1991.  (See  figure  2-19.)  Most  of 
this  increase  is  due  to  a  growth  in  the  number  of  RAs  pro¬ 
vided  by  universities.  (See  “Support  by  Mechanism,” 
below,  and  appendix  tables  2-32  and  5-20.)  Federal  fel¬ 
lowships  and  other  programs  supported  moderately 
increasing  numbers  of  graduate  students  in  s&E  between 
1983  and  1990,  helping  almost  58,0(X)  graduate  students 
by  1990.  In  1991,  federal  support — like  nonfederal — 
increased  steeply,  reaching  an  additional  6,000  students. 
Several  agencies  accounted  for  this  increase,  including 
the  National  Science  Foundation  and  the  National 
Institutes  of  Health  and  other  Health  and  Human  Ser¬ 
vices  agencies. 

Nonfederal  sources  provide  the  primary  financial  sup¬ 
port  for  graduate  students  in  all  s&E  fields  except  the  com¬ 
puter  sciences  and  psychology;  Students  in  these  latter 
fields  have  a  high  level  of  self-support.  In  terms  of  federal 
support,  graduate  students  in  the  physical  and  life  sciences 
receive  the  highest  percentages,  while  students  in  mathe¬ 
matics  and  the  social  sciences  receive  the  lowest.  The 
number  of  students  supported  in  mathematics,  however, 
increased  the  most  over  the  1983-91  period,  rising  9  per¬ 
cent  annually.  The  lowest  annual  increase  (0.9  percent)  in 
federal  support  was  in  the  environmental  sciences.  And  in 
the  social  sciences,  the  number  of  students  receiving  fed¬ 
eral  support  decreased  annually  by  an  average  of  0.3  per¬ 
cent  from  an  already  low  base.  (See  figure  2-20.) 

Support  by  Mechanism.  Fueled  by  growing  universi¬ 
ty  research  funding,  teaching  assistantships  and — especial¬ 
ly — RAs  have,  over  the  last  12  years,  displaced  fellowships  and 
traineeships  as  the  major  graduate  support  mechanism. 


Figure  2-19. 

Major  sources  of  support  for  science  and  engineering 
graduate  students 
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(See  figure  2-21.)  By  1991,  RAs  and  TAs  were  the  most  sig¬ 
nificant  types  of  graduate  student  support;  27.5  percent  of 
students’  primary  support  came  from  RAs  and  21  percent 
from  TAs.  Fellowships  and  traineeships  accounted  for  9  and 
5  percent,  respectively,  of  the  primary  support  cited  by  grad¬ 
uate  s&E  students.  (See  appendbc  table  2-34.) 

Use  of  these  support  mechanisms  varies  by  S&E  field. 
Eighty  percent  of  graduate  students  in  the  physical  sci¬ 
ences  are  supported  by  either  RAs  or  TAs.  These  two 
mechanisms  also  represent  key  support  mechanisms  in 
the  environmental  and  life  sciences.  However,  RAs  are  a 
more  important  mechanism  than  TAs  in  engineering  and 
the  earth  and  life  sciences,  and  are  slightly  more  impor¬ 
tant  in  the  physical  sciences.  TAs  are  more  than  twice  as 
important  as  RAs  in  mathematics  and  the  computer  sci¬ 
ences.  Only  about  a  third  of  the  students  in  psychology 
or  the  social  sciences  are  supported  by  TAs  or  RAs. 
Fellowships  and  traineeships  are  not  the  key  mechanism 
of  support  in  any  field,  although  students  in  the  social 
sciences  are  as  likely  to  be  supported  by  a  fellowship  as 
by  a  research  assistantship. 

Support  for  Foreign  Students.  '’*  Not  surprisingly, 
the  majority  of  funding  support  for  foreign  students  at  all 
levels  of  higher  education  is  from  non-u.s.  sources. 
Personal  and  family  sources  provide  primary  funding 


"Supporl  from  academic  institutions  includes  university  research 
funds  from  federal  grants  and  contracts. 


"'Data  on  foreign  student  support  at  all  levels  are  from  UK  (1991): 
doctoral  support  data  are  from  the  National  Science  Foundation's 
Doctorate  Records  File.  (See  SRS  1993a.) 
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Figure  2-20. 

Major  sources  of  graduate  student  support,  by  field 
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support  tor  64  percent  of  foreign  students;  an  additional 
9  percent  comes  from  their  home  governments,  universi¬ 
ties,  and  foreign  private  sponsors.  tJ.S.  sources  are  the 
primary  funding  support  of  only  27  percent  of  foreign 
students.  This  support  is  provided  by  U.s.  colleges  and 
universities  (19  percent)  and  the  U.s.  Government  (2  per¬ 
cent);  6  percent  of  foreign  students  cite  employment  and 
i:.s.  private  sponsors  as  their  primary  support  source  (HE 
1991). 

In  striking  contrast,  U.S.  sources  are  the  primary  fund¬ 
ing  support  of  80  percent  of  all  foreign  doctoral  S&E  stu¬ 
dents.  This  is  because  U.s.  universities  subsidize  the 
education  of  all  S&E  doctoral  students — regardless  of  citi¬ 
zenship — in  "hard"  sciences  (i.e.,  the  natural  sciences 
and  engineering).  Foreign  doctoral  S&E  students  are 


Figure  2-21. 
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concentrated  almost  exclusively  in  these  fields.  Over 
three-quarters  of  foreign  s&K  doctoral  students  receive 
their  primary  funding  support  in  the  form  of  either  K.\s 
(including  some  research  funds  to  universities  from  fed¬ 
eral  grants),  TAs,  or  university  fellowships.  Three  percent 
comes  from  federal  fellowships  or  traineeships.  About  20 
percent  of  foreign  doctoral  s&K  students  cite  various 
forms  of  self-support — family,  loans,  earnings,  and 
spouse’s  earnings — as  their  primary  funding  support. 

For  U.s.  citizens,  about  half  of  the  primary  support  cited 
is  from  universities — again  in  the  form  of  RAs,  T'As,  and 
university  fellowships.  About  13  percent  of  primary  sup¬ 
port  cited  by  doctoral  s&E  students  is  from  federal  fellow¬ 
ships  and  traineeships.  The  remaining  third  of  primary 
support  is  self-support,  either  through  their  own  or  their 
spouse’s  earnings,  or  through  loans  or  family  assistance. 
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HIGHLIGHTS 

iNDiisTRiAL  Employment  of  Scientists,  Engineers,  "Hie  Impact  of  Defense  Dow'nsizint;  on  S&E 
AND  Technicians  Employment 


♦  u.s.  industrial  firms  employed  1.3  million  engi¬ 
neers  and  667,000  scientists  in  1992.  Between 
1989  and  1992,  total  industrial  science  and  engineering 
(s&e  )employment  increased  at  an  average  annual  rate 
of  1.5  percent,  considerably  below  the  3.6-percent  rate 
registered  during  the  preceding  9-year  period. 

♦  The  total  number  of  s&e  jobs  in  the  manufactur¬ 
ing  sector  fell  for  the  first  time  in  more  than  a 
decade.  The  number  of  jobs  filled  by  engineers 
declined  from  804,000  in  1989  to  767,000  in  1992. 
Four  of  the  five  largest  engineering  specialties  and  all 
five  manufacturing  industries  employing  the  largest 
numbers  of  engineers  had  reductions. 

♦  In  the  late  1980s,  the  nonmanufacturing  sector 
overtook  the  manufacturing  sector  as  the  lead¬ 
ing  employer  of  scientists  and  en^neers.  More 
than  1  million  scientists  and  engineers  were 
employed  in  nonmanufacturing  industries  in  1992,  a 
12-percent  increase  over  the  1989  level. 

4  The  total  number  of  technician  jobs  in  industry 
climbed  steadily  during  the  1980s,  reaching  a 
total  of  1.5  million  in  1989.  Between  1989  and 
1992,  there  was  a  cutback  in  technician  jobs.  Although 
there  was  a  .3-percent  gain  in  technician  jobs  in  the 
nonmanufacturing  sector,  this  increase  was  offset  by 
an  11-percent  decline  in  manufacturing  industries. 

S&E  Labor  Market  Conditions 

♦  The  1992  unemployment  rate  for  engineers  was 
3.8  percent;  natural  scientists,  2.3  percent;  and 
mathematical  and  computer  scientists,  2.6  per¬ 
cent  Although  scientists  and  engineers  are  less  like¬ 
ly  to  be  unemployed  than  other  types  of  workers  (the 
overall  unemployment  rate  was  6.7  percent  in  1992), 
these  unemployment  rates  are  liigher  than  those 
recorded  a  couple  of  years  ago.  In  addition,  the  unem¬ 
ployment  rate  for  engineers  is  now  higher  than  it  was 
during  the  “aerospace  recession”  of  the  early  1970s. 

4  Organizations  that  track  entiy-level  hiring  eiU 
report  a  reduction  in  employer  recruiting  of  new 
college  graduates  in  the  1990s.  Although  all  recent 
college  graduates  have  been  affected  by  the  decrease  in 
recruiting  activity,  s&f,  graduates  are  faring  better  than 
those  who  majored  in  other  disciplines  and  are  contin¬ 
uing  to  command  higher  starting  salaries  than  their 
counterparts  in  non-s&E  fields.  The  rate  of  increase  in 
their  starting  salaries,  however,  slackened  after  1990. 


4  Reduced  defense  spending  is  adversely  affecting 
engineering  employment.  Recent  government  pro¬ 
jections  show  that  more  than  two  out  of  five  engi¬ 
neering,  defense-related,  civilian  jobs  have  been  or 
will  be  lost  between  1987  and  1997.  Pmgineers  who 
have  spent  their  entire  careers  working  in  the 
defense  industry  and  have  become  highly  specialized 
may  have  difficulty  finding  civilian  sector  jobs. 

4  Defense  downsizing  has  affected  industry’s 
employment  of  R&D  scientists  and  engineers. 

The  total  number  of  full-time-equivalent  R&D  scien¬ 
tists  and  engineers  working  for  industrial  finns 
declined  from  730,000  in  1990  to  684,000  in  1992.  In 
the  aircraft  and  missiles  industry,  the  number  of  fed¬ 
erally  supported  research  and  development  scien¬ 
tists  and  engineers  declined  20  percent  in  the  early 
1990s. 

Engineering  Employment 

4  Recent  trends  in  I'.s.  engineering  employment 
show  a  loss  of  50,000  jobs  between  1987  and 
1992;  the  unemployment  rate  doubling;  and  slug¬ 
gish  growth  in  salaries  relative  to  those  earned  in 
other  professions.  The  engineering  workforce  is  cur¬ 
rently  feeling  the  pinch  of  the  recession,  cutbacks  in 
defense  spending  and  research  and  development,  and 
industry  downsizing.  If  there  is  a  substantial  amount  of 
defense  conversion,  however,  the  loss  in  defense  jobs 
may  be  offset  by  the  creation  of  new  opportunities  in 
emerging  industries. 

4  The  engineering  specialties  most  adversely 
affected  by  the  slow  economy  and  lower  defense 
budgets  are  electrical  and  electronic,  industrial, 
and  aerospace.  Other  engineering  specialties — 
environmental,  civil,  chemical,  petroleum,  systems, 
and  software — appear  relatively  more  immune  to  the 
recession  and  defense  cutbacks. 

Forecasting  the  S&E  Job  Market 

4  The  most  recent  studies  of  the  future  s&e  job  market 
(that  take  into  account  defense  downsizing)  yielded 
the  following  conclusions  for  1990-2005.  Employment 
in  technical  occupations  will  grow  at  a  faster  pace 
than  overall  employment.  Employment  in  technolo¬ 
gy-intensive  industries  will  grow  at  about  the  same 
rate  as  employment  in  general;  and  surpluses  are 
more  likely  to  be  observed  in  the  s&e  job  market  than 
shortages,  but  the  latter  (especially  in  specific  fields) 
cannot  be  ruled  out. 
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D(Ktor.\l  Scientists  in  the  Workforce 

♦  In  1991,  approximately  367,000  doctoral  scien¬ 
tists  and  70,000  doctoral  engineers  were 
employed  in  the  United  States.  Doctoral  scientists 
had  an  extremely  low  unemployment  rate — 1.5  per¬ 
cent  in  1991.  Recently,  however,  their  professional 
associations  have  been  documenting  employment  dif¬ 
ficulties  faced  by  new  doctoral  recipients,  focusing  on 
the  lack  of  permanent  full-time  job  openings  in 
academia. 

Women  and  Minorities  in  the  S&E  Workforce 

♦  Women,  blacks,  and  Hispanics  are  underrepre¬ 
sented  in  the  engineering  workforce  and  some 
of  the  physical  sciences,  e.g.,  physics  and  geol¬ 
ogy.  Some  progress  has  been  made,  however, 
over  the  past  decade.  Between  1983  and  1992,  the 
percentage  of  women  in  the  engineering  workforce 
increased  from  5.9  percent  to  8.7  percent,  the  per¬ 


Introduction 

Chapter  Background 

Tlie  United  States  produces,  nurtures,  and  maintains 
the  largest  science  and  engineering  workforce  in 
the  industrialized  world.  According  to  the  most  recent 
government  projections,  employment  in  technical  occu¬ 
pations  will  grow  at  a  faster  pace  than  overall  employ¬ 
ment  during  the  rest  of  this  century  and  past  the  year 
2()0().  But  in  the  early  1990s,  the  recession,  defense-relat¬ 
ed  spending  cutbacks,  reduced  research  and  develoj> 
ment  (k.K:!))  budgets,  and  industr>'  downsizing  all  took 
their  toll  on  sx;i'.  employment.  Manufacturing  SvXK 
employment  declined  for  the  first  time  in  more  than  a 
decade;  unemployment  rates  rose;  recruiting  of  recent 
college  graduates  declined;  entiy-level  salaries  stagnat¬ 
ed;  and  overall  salar>'  growth  did  not  keep  pace  with  that 
of  other  professional  occupations.  Despite  these  trends, 
scientists  and  engineers  have  fared  better  than  almost 
every  other  kind  of  worker.  The  tight  labor  market  has 
not  precluded  some  sxi  -trained  individuals  from  finding 
meaningful,  challenging  work  opportunities  outside  tra¬ 
ditional  Si.'ii,  occupations. 

The  contribution  of  scientists  and  engineers  to  a 
healthy  and  competitive  economy  is  vastly  dispropor¬ 
tionate  to  their  (less  than  4  iiercent)  representation  in 
the  total  labor  force,  because  they  are  responsible  for 
the  advancements  in  science  and  technology  that  lead  to 
new/improved  products  and  processes  that  in  turn  lead 
to  economic  expansion  and  the  universally  sought-after 


centage  of  blacks  increased  from  2.6  percent  to  4.0 
percent,  and  the  percentage  of  Hispanics  increased 
from  2.2  percent  to  3.1  percent. 

♦  Women  comprised  18.8  percent  of  the  doctoral 
S&E  workforce  in  1991.  While  women  are  well 
represented  in  psychology  and  fairly  well  represent¬ 
ed  in  the  social  and  life  sciences,  they  accounted  for 
only  3.4  percent  of  all  doctoral  engineers  in  1991. 

Immigrants  in  the  s&e  Workforce 

♦  The  flow  of  S&E  immigrants  to  the  United  States 
reached  an  all-time  high  of  nearly  23,000  in 
1992.  Most  of  these  immigrants  were  bom  in  the 
Far  East,  primarily  in  India,  China,  and  Taiwan.  In 
addition,  unprecedented  numbers  of  scientists  and 
engineers  from  the  former  Soviet  Union  entered  the 
United  States  in  1991  and  1992,  accounting  for  almost 
2,4(X)  visas  in  those  2  years. 


higher  standard  of  living.  In  addition,  their  value  to  soci¬ 
ety  has  been  accelerating  when  measured  against  a 
backdrop  of  a  worldwide  economy  in  which  the  pace  of 
technological  change  is  moving  rapidly;  competition  in 
the  international  marketplace  is  intensifying;  and  the 
quest  for  solutions  to  health,  environmental,  and  a  host 
of  other  worsening  societal  problems  is  becoming 
increasingly  urgent. 

Chapter  Organization 

This  chapter  begins  with  a  discussion  of  s&i-:  employ¬ 
ment  by  sector.  Employment  of  scientists,  engineers, 
and  technicians  in  the  industrial  sector  is  examined,  fol¬ 
lowed  by  a  discussion  of  scientists  and  engineers 
employed  by  the  Federal  (lovernment.  (This  chapter 
does  not  contain  a  siiecific  section  devoted  to  scientists 
and  en.gineers  employed  by  colleges  and  universities, 
because  they  are  covered  in  chapter  5.)  Other  topics 
examined  are  scientists  and  engineers  engaged  in 
research  and  development  in  the  United  States  and  kxd 
employment  by  r.s.  companies  in  other  countries. 

This  chapter  also  covers  the  s&i;  labor  market,  includ¬ 
ing  the  impact  of  defense  downsizing  on  technical 
employment  and  recent  efforts  to  forecast  the  supply  and 
demand  for  teehnical  workers.  Separate  sections  are 
devoted  to  employment  trends  among  doctoral  scientists 
and  engineers  and  siiecial  populations  in  the  s&i;  work¬ 
force.  including  women,  minorities,  and  immigrants. 
Finally,  comparative  data  on  international  s&i:  employ¬ 
ment  are  i)rovided. 
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S&E  Employment  by  Sector 

Industrial  S&E  Employment 

Most  scientists  and  engineers  work  in  industry.  In  U)92. 
there  were  nearly  2  million  industrial  Si'iK  jobs,  with  engi¬ 
neers  outnumbering  scientists  two  to  one  (mls'  annual 
series).  (See  apptmdix  table  (VI.)' 

The  rate  of  growth  in  industrial  s&l-:  employment  slowed 
considerably  in  the  early  199()s.  Between  1989  and  1992, 
total  industrial  sjC:K  employment  increased  at  an  average 
annual  rate  of  1.5  percent,  far  below  the  3.6  percent  rate 
registered  between  1980  and  1989.  Despite  the  slowdown, 
the  rate  of  growth  in  industrial  s&i-;  employment  outpaced 
that  for  total  industrial  employment,  continuing  a  trend 
that  began  before  1980.  Between  1980  and  1992,  the  s&K 
share  of  total  industrial  employment  gradually  increased, 
rising  from  2. 1  ix'rcent  in  1980  to  2.5  percent  in  1992. 

The  major  contributing  factor  to  the  increase  in  indus¬ 
trial  S&E  employment  between  1980  and  1992  was  a 
doubling  in  the  number  of  jobs  filled  by  computer  spe¬ 
cialists.  This  group  now  accounts  for  more  than  half  of  all 
scientists  employed  by  industry.  Their  proportion  of  total 
industrial  s&E  employment  increased  from  13  percent  in 
1980  to  18  percent  in  1992. 

Industrial  S&E  Employment  in  Manufacturing 

Manufacturing  Employment  of  Engineers.  The 

total  number  of  engineering  jobs  in  the  manufacturing 
sector  fell  for  the  first  time  in  more  than  a  decade.  In 
1992,  there  were  767,000  engineering  jobs  in  manufactur¬ 
ing,  down  nearly  5  percent  from  the  level  recorded  3 
years  earlier.  This  cutback  in  engineering  employment 
ended  an  extended  period  of  engineering  job  creation. 
Between  1977  and  1989,  the  total  number  of  engineering 
jobs  in  manufacturing  increased  nearly  60  percent. 

In  general,  the  decline  in  engineering  employment  in 
manufacturing  in  the  early  1990s  was  across  the  board. 
Four  of  the  five  largest  engineering  specialties,  and  the 
five  manufacturing  industries  employing  the  largest  num¬ 
bers  of  engineers,  had  reductions.  (See  figures  3-1  and  3- 
2  and  “Engineering  Employment  in  the  ’90s.") 

Among  the  five  largest  engineering  specialties,  the 
largest  percentage  cutback  was  in  aeronautical/astronau- 
tical  engineering.  In  this  specialty,  the  total  number  of 
jobs  fell  26  percent  between  1989  and  1992.  The  entire 
loss  appears  to  have  occurred  in  the  transportation  equip¬ 
ment  industry,  which  is  the  largest  employer  of  aeronau- 
tical/astronautical  engineers.  Many  of  these  engineers 
were  working  for  aircraft  and  missiles  companies  and 
were  assigned  to  defense-related  projects  that  are  being 
curtailed  or  eliminated.  (See  “The  Impact  of  Defense 
Downsizing  on  Technical  Employment.") 

Job  losses  in  industrial  engineering  numbered  13,000 
between  1989  and  1992,  the  largest  absolute  decline  of 


'Ttk'  data  in  this  section  were  collected  by  the  Bureau  of  I.abor  Statistics 
in  its  Occupational  Employment  Survey. 


Figure  3-1. 

Number  of  jobs  in  marufacturing  for 
selected  engineering  specialties 


Thousands  of  jobs 


See  appendix  table  3-1 .  Science  a  Engineering  Indicators  -  1993 


any  engineering  specialty.  The  transportation  equip¬ 
ment  industry,  the  largest  employer  of  industrial  engi¬ 
neers  in  the  late  1980s  and  early  1990s,  accounted  for  70 
percent  of  the  decrease  in  industrial  engineering  jobs  in 
manufacturing. 


Figure  3-2. 

Number  of  engineering  Jobs  in  selected 
manufacturing  industries 


Thousands  of  jobs 


See  appendix  table  3-1 .  Science  &  Engineering  Indicators  -  1993 
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Engineering  Empioyment  in  the  ’90s 


The  engineering  specialties  most  adversely  affected 
by  the  slow  economy  and  lower  defense  budgets  are 
electrical  and  electronic,  industrial,  and  aerospace.  Job 
losses  among  these  categories  amounted  to  an  esti¬ 
mated  41,000, 25,000,  and  23,000,  respectively,  bet.,  een 
1987  and  1992.  (See  appendbc  table  3-7.)  Of  these  three, 
aerospace  registered  the  highest  percentage  loss  of 
jobs,  22  percent,  during  the  late  1980s  and  early  1990s. 
Not  surprisingly,  there  has  been  a  drastic  decline  in  job 
offers  to  recent  aerospace  engineering  graduates.* 

Other  engineering  specialties  appear  relatively  more 
immune  to  the  recession  and  defense  cutbacks; 

♦  Emdronmental  ei^ineers:  Enactment  of  tougher 
environmental  laws  and  regulations  has  increased  the 
demand  for  engineers  with  expertise  in  toxic  waste 
disposal,  hazardous  material  handling,  and  emissions 
control.  They  are  also  serving  as  consultants,  advising 
companies  on  how  to  minimize  the  cost  of  compliance 
with  enwonmental  laws  and  regulations. 

♦  Civil  engineers:  The  need  for  increased  invest¬ 
ment  in  public  works  and  the  repair/ rebuilding  of 
the  aging  infrastructure,  e.g.,  subway  systems, 
bridges,  and  buildings,  in  many  u.s.  cities  appears 
to  have  boosted  demand  for  civil  engineers. 

♦  Chemical  and  petroleum  engineers:  Demand 
for  these  engineers  has  led  that  for  all  other  engi¬ 
neering  specialties  for  the  past  several  years.  The 
scarcity  of  graduates  in  these  two  specialties  is 
reflected  in  their  starting  salaries  which  are  high¬ 
er  than  those  received  by  any  other  recent  gradu¬ 
ates  (and  which  also  showed  the  largest  percent¬ 
age  gains  between  1988  and  1993).  The  petroleum 
refining  industry,  one  of  the  leading  employers  of 
these  two  types  of  engineers,  has  been  less  affect¬ 
ed  by  the  recession  than  most  other  industries. 

♦  Systems  and  software  ei^ineers:  Their  services 
are  in  great  demand,  not  only  in  software  companies. 


but  also  in  hardware  fimis  where  emphasis  on 
state-of-the-art  technology  is  increasingly  shifting 
from  hardware  to  software  (Engineering  Man¬ 
power  Commission  1992b).  In  addition,  because  of 
the  application  of  computer  technology  across  all 
sectors  of  the  economy,  demand  for  software  engi¬ 
neers  shows  no  sign  of  slowing. 

Several  recent  trends  in  engineering  employment 
should  be  noted: 

♦  Demand  for  engineers  has  infiltrated  almost  every 
industry,  from  manufacturing  to  the  service  sector. 
Their  computer,  quantitative,  and  problem-solving 
skills  provide  entree  to  various  industries,  including 
consulting  and  other  types  of  service  sector  firms.** 

♦  The  increasing  use  of  computer-aided  design  and 
computer-aided  manufacturing  (CAn/c.4.vi)  sys¬ 
tems  and  other  automation  tools  has  brought 
about  major  improvements  in  productivity  across 
all  sectors  of  the  economy.  These  technological 
advances  have  also  resulted  in  improved  produc¬ 
tivity  in  the  engineering  profession  itself,  because 
the  amount  of  (engineering)  labor  needed  to  per¬ 
form  certain  tasks  has  been  falling.  For  example, 
no  one  doubts  that  rebuilding  the  aging  infrastruc¬ 
ture  will  sustain  strong  demand  for  civil  engineers 
throughout  the  1990s.  But  this  demand  could  be 
partially  offset  by  increased  use  of  ca1)/ca.m  sys¬ 
tems  (Engineering  Manpower  Commission  1991a). 
In  addition,  the  increasing  use  of  automation 
allows  technicians  and  other  paraprofessionals  to 
be  more  easily  substituted  for  engineers. 


'For  exanipit*.  recent  CalTech  enginc-ering  graduates  did  not 
receive  a  single  job  offer  from  any  of  the  major  aerospace  companies 
in  Southern  California  (Engineering  Manpower  Commission  1992b). 

"At  least  one  quarter  of  the  1.6(M)  new  graduates  hired  in  1992  by 
Anderson  Consulting,  the  information  systems  consulting  arm  of  the 
Arthur  Anderson  accounting  firm,  majored  in  engineering.  See 
Engineering  Manpowc  •  Commission  (1992b). 


Ten  thousand  electrical/electronics  engineering  jobs 
were  lost  between  1989  and  1992.  ITie  largest  cutbacks 
were — again — in  the  transportation  equipment  industry', 
and  also  in  the  electrical  equipment  industry,  'lliese 
losses  amounted  to  6,000  and  5.000  jobs,  respectively. 
There  was,  however,  a  small  increase  in  electrical/elec¬ 
tronics  engineers  in  the  machinery  industry. 

There  were  fewer  mechanical  engineering  lob's  in  1992 
than  3  years  earlier.  Reductions  amounting  to  3,000  jobs 
in  the  machinery  industry  and  2,000  in  the  electrical 
equipment  industry  were  only  partially  offset  by  increas¬ 
es  in  the  transportation  equipment  and  instruments 
industries. 


Of  the  five  largest  engineering  specialties,  only  chemi¬ 
cal  engineering  showed  a  gain  for  the  1989-92  period. 
Panployment  in  this  field  had  been  declining  during  the 
mid-  and  late  1980s,  but  a  turnaround  in  the  early  1990s 
increased  the  total  number  of  jobs  in  this  field  by  9  per¬ 
cent  between  1989  and  1992. 

Manufacturing  Employment  of  Scientists.  Unlike 
engineering,  the  total  number  of  scientists’  jobs  in  manu¬ 
facturing  increased  during  the  early  1990s,  but  at  a  much 
slower  pace  than  that  registered  during  the  mid-  and  late 
198()s.  There  were  approximately  9.000  more  scientists 
working  for  manufacturing  firms  in  1992  than  in  1989. 
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During  that  3-year  period,  the  number  of  biological  scien¬ 
tists  increased  by  6,000,  or  46  percent.  Most  of  this 
increase  occurred  in  the  chemicals  and  allied  products 
industry  which  includes  drug  manufacturers.  'ITiis  large 
increase,  and  a  modest  increase  in  the  number  of  com¬ 
puter  specialists,  however,  were  offset  by  small  declines 
in  other  scientific  specialties,  including  chemistry  and  the 
mathematical  sciences. 

Manufacturing  Employment  of  Technicians.  Over¬ 
all,  there  was  a  more  than  10-percent  decline  in  the  total 
number  of  technician  jobs  in  manufacturing  between 
1989  and  1992.  The  four  largest  groups  within  this  cate¬ 
gory — electrical/electronics  engineering  technicians, 
drafters,  computer  programmers,  and  chemical  techni¬ 
cians — all  had  reductions.  The  largest  declines  were  in 
electrical/electronics  engineering  and  computer  pro¬ 
gramming,  with  job  losses  amounting  to  23,000  and 
21,000,  respectively,  between  1989  and  1992.  As  with 
engineers,  the  loss  in  technician  jobs  was  widespread 
across  industries.  For  example,  the  four  manufacturing 
industries  employing  the  largest  numbers  of  technicians 
all  had  reductions  between  1989  and  1992.  The  losses 
ranged  from  a  reduction  of  21,000  positions  in  the 
machinery  industry  to  a  loss  of  5,000  positions  in  the 
instruments  industry.  (See  figure  3-3.) 

Industrial  S&E  Employment  in  Nonmanufacturing 

In  the  late  1980s,  the  nonmanufacturing  sector  overtook 
the  manufacturing  sector  in  terms  of  total  s&e  employ¬ 
ment.  This  changeover  is  largely  attributable  to  growth  in 
the  number  of  jobs  for  computer  specialists.  In  1980,  com¬ 
puter  specialists  accounted  for  one  out  of  every  five  scien¬ 
tists  and  engineers  employed  in  the  nonmanufacturing 
sector;  in  1992,  they  accounted  for  nearly  one  out  of  four. 


Figure  3-3. 

Number  of  technician  jobs  in  selected 
manufacturing  industries 


Thousands  of  jobs 


Nonmanufacturing  Employment  of  Engineers. 

There  were  nearly  600,000  engineering  jobs  in  the  non¬ 
manufacturing  sector  in  1992.  In  contrast  to  the  decline  in 
engineering  employment  in  the  manufacturing  sector  in 
the  early  1990s,  the  number  of  jobs  in  the  nonmanufac¬ 
turing  sector  increased  8  percent  between  1989  and  1992. 
Most  of  the  gain  occurred  in  the  engineering  and  com¬ 
puter  services  industries. 

Nonmanufacturing  Employment  of  Scientists.  In 

1992,  the  nonmanufacturing  sector  employed  approxi¬ 
mately  460,000  scientists,  a  16-percent  increase  over  the 
level  recorded  for  1989.  More  than  half  these  jobs  were 
filled  by  computer  specialists;  the  total  number  of  these 
scientists  increased  10  percent  between  1989  and  1992. 
The  number  of  jobs  in  the  other  scientific  specialties, 
although  far  fewer  in  number  than  those  for  computer 
specialists,  had  higher  rates  of  growth  during  the  1989-92 
period,  ranging  from  nearly  40  percent  for  social  scien¬ 
tists  to  16  percent  for  mathematical  scientists. 

Nonmanufacturing  Employment  of  Technicians. 

The  total  number  of  technicians  employed  by  the  non¬ 
manufacturing  sector  increased  from  920,000  in  1989  to 
950,000  in  1992.  Most  of  this  increase  occurred  in  the 
computer  services  industry  which  gained  18,000  techni¬ 
cian  jobs  during  this  period. 

Federal  S&E  Employment 

The  Federal  Government  employed  approximately 
170,000  scientists  and  115,000  engineers  in  1991,  making 
it  the  single  largest  employer  of  scientists  and  engineers 
in  the  United  States  (OPM  1985,  1991).-  (See  appendix 
table  3-2.)  Over  one-fourth  of  the  scientists  and  engineers 
employed  by  the  government  are  engaged  in  research 
and  development;  this  segment  of  the  federal  s&K  work¬ 
force  is  concentrated  in  laboratories  run  by  the 
Departments  of  Defense  (dod).  Agriculture,  Health  and 
Human  Services;  and  the  National  Aeronautics  and  Space 
Administration  (n.asa).  The  other  three-fourths  of  the  fed¬ 
eral  S&E  workforce  are  responsible  for  managing  natural 
resources;  data  collection  and  statistical  analysis;  devel¬ 
opment,  implementation,  and  enforcement  of  government 
regulations;  construction  of  public  works  projects;  testing 
and  evaluation;  and  administration  of  s&e  activities  (nkc 

1993,  p.  17). 

The  Department  of  Defense  is  the  government’s  largest 
employer  of  both  scientists  and  engineers,  accounting  for 
one  out  of  every  three  federally  employed  scientists  and 
two  out  of  every  three  engineers.  (See  figure  3-4.)  In  gen¬ 
eral,  the  impact  of  defense  downsizing  on  s&e  employment 


-These  data  were  collected  by  the  Office  of  Personnel  Management, 
'fhe  numbers  do  not  include  scientists  and  engineers  working  at  federal¬ 
ly  funded  research  and  development  centers,  or  those  working  at  organi¬ 
zations  (e.g..  colleges  and  universities,  national  laboratories,  or  industrial 
firms)  that  receive  federal  grants  and  contracts.  For  additional  infonna- 
tion  on  how  these  data  were  collected,  see  sks  (1989). 
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(see  ■'ITie  Impact  of  Defense  Downsizing  on  Technical 
Employment”)  is  not  yet  reflected  in  government  employ¬ 
ment  statistics  (just  as  it  is  not  yet  reflected  in  federal  Kl'cD 
expenditure  data — see  chapter  4).  Between  1985  and 
1991,  i>()i>’s  employment  of  scientists  and  engineers 
increased  8  and  1 1  ptTcent,  respectively.  During  this  period, 
however,  there  were  cutbacks  in  several  s<.<;K  fields, 
including  mathematics  and  statistics  and  civil,  industrial, 
and  chemical  engineering. 

Employment  of  Scientists.  Between  1985  and  1991, 
the  number  of  scientists  employed  by  the  Federal 
Government  increased  about  16  percent.  Most  of  this 
growth  was  fueled  by  a  32-percent  increase  in  the  employ¬ 
ment  of  computer  scientists.  By  1991,  this  group  outnum¬ 
bered  all  other  s^yi-:  occupational  groups,  accounting  for 
53,000  federally  employed  scientists.  Half  these  computer 
scientists  were  employed  by  Don.  'Fhe  Treasury  Depart¬ 
ment  had  the  second  highest  number  (5,300).  Employ¬ 
ment  of  computer  scientists  by  this  agency  increased  83 
percent  between  1985  and  1991. 

Life  scientists  are  the  second  most  prevalent  SeXt:  group 
within  the  federal  workforce.  Three  out  of  five  of  the  more 
than  37,(K)0  scientists  classified  in  this  occupational  group 
in  1991  were  employed  by  the  Agriculture  Department. 
The  Interior  Department  had  the  second  highest  number 
(5,700),  followed  by  Health  and  Human  Services  (3,300). 
TTie  latter  had  a  46-percent  gain  over  the  number  report¬ 
ed  in  1985.  There  was  an  across-the-board  increase  in 
Health  and  Human  Services  programs  during  the  late 
1980s;  a  substantial  part  of  the  growth  in  employment  of 
life  scientists  is  probably  attributable  to  increased  funding 
for  the  National  Institutes  of  Health’s  health  research  on 
AIDS  and  other  diseases.  (See  chapter  4.) 

Employment  of  Engineers.  Total  federal  employ¬ 
ment  of  engineers  increased  12  percent  between  1985 
and  1991.  The  most  prevalent  engineering  specialty  with¬ 
in  the  federal  workforce — accounting  for  over  30  percent 
of  the  total  number  of  engineers — is  the  electrical  and 
electronics  subfield.  NASA,  which  employed  12,000  engi¬ 
neers  in  1991.  ranks  a  distant  second  to  dod  in  engineer¬ 
ing  employment.  N.-XSA,  however,  increased  its  hiring  of 
engineers  30  percent  between  1985  and  1991. 


R&D  Employment 

R&D  Employment  in  the  United  States 

In  1989,  an  estimated  950,000  scientists  and  engineers 
were  employed  on  a  full-time-equivalent  (rn;)  basis  in 
ft&D  in  the  United  States.  Approximately  three-fourths  of 
:hese  k&d  professionals  were  employed  by  industrial 
trms,  roughly  18  percent  by  academic  institutions,  and  6 
jercent  by  federal  agencies  (sks  1992b,  pp.  29  and  63). 
(See  appendix  table  3-3.) 

The  rate  of  increase  in  r&d  spending  in  the  United 
states  slowed  after  1985  (see  chapter  4,  “National  r&d 


Figure  3-4. 

Federally  employed  scientists  and  engineers, 
by  agency:  1991 


Physical  scientists 

N  =  32,556 
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The  Impact  of  Defense  Downsizing  on  Technical  Employment 


ITie  end  of  Iho  Cold  War  has  inoant  a  dramatic  cur¬ 
tailment  in  overall  defense  spending;  tscc  chapter  4  for 
a  discussion  of  defense  k&d  funding)  that  has  adverse¬ 
ly  affected  employment.  Defense  cutbacks  began  in 
1988  and  are  likely  to  escalate  during  the  next  few 
years.  Therefore,  the  full  impact  of  the  ‘‘pr^ace  dividend" 
on  sxii:  employment  is  unknowrn.  Bureau  of  I.abor 
Statistics  (uls)  estimates  made  in  early  199;4  show  the 
United  States  losing  more  than  7(X),00t)  defense-related 
civilian  jobs  between  1987  and  199L\  and  an  additional 
1.3  million  jobs  between  1992  and  1997 — a  4()-percent 
reduction  over  the  lO-year  period  (Saunders  1993,  p.  3). 
(See  figure  3-.5  and  appendix  table  TIO.) 

Although  scientists  and  engineers  comprise  only  3 
to  4  percent  of  the  total  l  .s.  labor  force,  they  account 
for  a  higher  proportion — 8  to  9  percent — of  all  defense- 
related  civilian  employment.  (Technicians  account  for 

Figure  3-5. 

Defense-related  employment 
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Physical  Computer,  math.  Engineers  Technicians 
scientists  and  operations 
research  analysts 


an  additional  (i  percent  of  defense-related  civilian 
employment.)  In  1987,  a|)proximately  Iti  percent  of  the 
engineers  and  11  percent  of  the  (natural,  computer, 
and  math)  scientists  working  in  thi'  Dnited  States  were 
involved  in  defensr-  work.  Hiose  percentages  dropped 
to  13  and  8  percent.  resi)ectively,  in  1992. 

Kngineers  are  heavily  represeiUt'd  in  industries  that 
produce  militaiy-related  haidware  and  software.  In  the 
aerospace  industiy,  they  accounted  for  ont*-llfth  of  all 
jobs,  and  in  the  electronic  components  and  coniinuni- 
cation  equipment  segments  of  the  electrical  equipment 
industry,  they  held  12  percent  of  all  jobs  in  1992.  So 
engineers  working  in  these  industries  are  more  likely 
to  have  their  job  security  threatened  than  those  work¬ 
ing  in  other  industries  (h’ngineering  Manpower 
Commission  1991a).  Hie  percentage  of  the  total  engi¬ 
neering  workforce  involved  in  defense-related  work, 
however,  is  much  lower  today  than  it  was  23  years  ago. 
The  number  of  engineers  employed  by  the 
Department  of  Defense  and  prime  and  subcontractors 
in  1990  was  only  slightly  higher  than  the  number 
employed  in  1967  (at  the  height  of  the  Vietnam 
buildup).  In  contrast,  during  the  same  period  (1967- 
90).  the  total  number  of  engineers  increased  about  .30 
percent  (R.  Rivers,  cited  in  Bell  1990.  p.  39). 

Engineering  is  one  of  the  fields  most  affected  by  the 
defense  drawdown.  .According  to  iu„s  projections, 
120,(XK) — or  iiK're  than  two  out  of  lic(‘  engineering 
defense-related  jobs — have  been  or  will  be  lost  between 
1987  and  1997.  Most  of  the  losses  have  occurred  or  will 
occur  in  tlu'  electrical/electronics,  aeronautical/astro- 
nautical,  mechanical,  and  industrial  engineering  special¬ 
ties.  Another  hard-hit  group  will  be  those  employed  in 
computer,  mathematical,  and  operations  research  spe¬ 
cialties,  where  tht“  total  number  of  jobs  is  expected  to 
decline  from  69,8(K)  in  1987  to  ,34.5(K)  in  1997.  Physical 
scientists  have  experienced  or  will  exinnaence  fewer  job 
losses — a  total  of  6.700  during  the  10-year  period — but 
this  number  represents  one-fourth  the  total  number  of 
defense-related  jobs  that  existed  in  1987.  Technician 
employment  is  expected  to  decline  by  one-third  over  the 
10-year  period.  (See  figure  3-8.) 

K&i)  employment  is  also  bein.g  adversely  affected  by 
defense  budget  cutbacks.  Ifie  number  of  federally  sup¬ 
ported  l■■^F,  Kiyp  scientists  and  engineers  working  for 
firms  classified  in  the  aircraft  and  missiles  industry  (the 
largi'st  employer  of  federally  funded  K.yi)  personnel) 
declined  20  percent  between  1989  and  1991.  Employ¬ 
ment  of  these  H.'t.i)  professionals  declined  6  percent  in  the 
electrical  equipment  industry  (the  second  largest 
employer)  and  47  percent  in  the  machinery  industiy  dur¬ 
ing  the  same  2-year  period  (sRs  foriheoming  [b]). 

Eor  persiiective,  it  is  important  to  emphasize  that 


See  appendix  table  3-10. 
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jilvoii  the  size  ol  tlio  i  .s.  fcoiioiiiy,  defense  downsizing 
is  “unlikely  to  cause  a  short-run  niacroecononiic  catas¬ 
trophe"  (Brauerand  Marlin  1992.  p.  148).  Fewer  than  1 
percent  of  all  r.s.  workers  will  be  affected  over  the  next 
.'i  years  (Kosiak  and  Bitzinscr.  1998).  Only  a  few  pock¬ 
ets  of  the  ♦■conomy.  i.e.,  only  a  few  industries,  occupa¬ 
tions.  and  communities,  are  likely  to  suffer  measurable 
injuiT.  For  example: 

♦  Some  companies  currently  itroducinjj  military  hard¬ 
ware  will  be  unwilling  or  unable  to  convert  to  ()rod- 
ucts  for  the  civilian  market.  Some  companies  have 
already  chosen  to  downsize  rather  than  venture  into 
new  markets.  (See  Washington  Post  1992.) 

♦  .Some  en^jineers  who  have  spent  their  entire 
careers  in  the  defense  industry — those  who  have 
become  highly  specialized — may  have  difficulty 
finding  civilian  sector  jobs.  (Defense  workers  also 
tend  to  be  older;  this,  despite  their  job  experience, 
makes  them  less  desirable  for  retraining  and 
employment  by  civilian  firms.  See  <n.\  1992). 
Finding  another  job  is  also  likely  to  mean  reloca¬ 
tion,  a  condition  some  unemployed  engineers 
have  been  unwilling  to  accept  (Fngineering 
Manpower  Commission  1991a). 


♦  Some  regions  of  the  countiy — those  most  heavily 
dependent  on  the  defense  industiy — will  expt>ri- 
enceat  least  a  shoil-term  expansion  of  their  unem¬ 
ployment  rolls.  The  states  most  adversely  affected 
are  Washington.  California,  Arizona.  Texas, 
Missouri,  and  almost  all  New  Kngland  states:  the 
DC-Maiyland-Virginia  area  and  Ding  Island,  New 
York,  are  also  likely  to  suffer  the  consequences  of 
reduced  militaiy  budgets.  For  some  regions,  such 
as  the  Los  Angeles  area,  the  deb -use  cutbacks  will 
continue  to  exacerbate  an  already  severe  unem¬ 
ployment  problem;  whik'  others  with  more  diver¬ 
sified  economies  are  unlikely  to  experience  as 
much  hardship  (Brauerand  Marlin  1992). 

The  expected  unemployment  of  scientists,  tmgi- 
neers.  and  technicians  brought  about  by  the  end  of 
Cold  War  hostilities  is  likely  to  be  mitigated  by  defense 
conversion — i.e..  federal  support  shifted  from  military' 
to  civilian  technology  advancement  may  mean  that  the 
loss  in  defense  jobs  will  be  offset  by  the  creation  of  new 
opportunities  in  emerging  industries — and  by 
increased  demand  for  highly  skilled  workers  to  main¬ 
tain  international  competitiveness  (Atkinson  1990). 
(See  chapter  4  for  a  discussion  of  various  defense  con¬ 
version  projects  and  programs.) 


SiHMiding  I’atterns.)  The  avera,ge  annual  rati-  of  incretise 
in  infialioit-adjusted  national  KiVD  expenditures  was  1.9 
percent  between  198;')  and  1989.  compart'd  to  b.(i  percent 
betwei'ii  1980  and  198.o.  There  was  a  corresixniding  slow¬ 
down  in  the  rate  of  increase  in  KM)  sm:  employment  dur- 
iii.g  this  pc-riod.  with  tlu'  average  annual  rate  droi)i)ing 
from  f)..'!  perci’Ut  during  tlu-  first  half  of  the  decade  to  8.1 
(lerceiit  betwei'ii  1988  and  198‘). 

.'\lthough  KM)  scic'iitists  and  engineers  comiirise  less 
than  1  [lercent  of  the  r.s.  labor  force,  the  rate  of  growth  in 
the  number  of  these  professionals  has  been  exceechng 
that  for  the  entire  i  .s,  labor  force.  As  a  result,  the  KM)  sX:i: 
proi)ortion  of  the  r.s.  labor  force  has  been  increasing 
steadily  since  the  mid-1970s — from  .88  K\l)  scientists  and 
engineers  pi'r  10,000  labor  force  population  in  1970  to  70 
in  1989.  (See  figure  :!-17.) 

Industiy's  employment  of  KM)  scientists  and  engineers 
declined  in  the  early  1990s — from  780,000  in  .lanuaiy 
1990  to  084.000  in  Januaiy  l‘)92  (sKs  forthcoming  |b|). 
Defense  clownsizin.g  appc'ars  to  be  causing  a  reduction  in 
the  number  of  industrial  scientists  and  engineers 
assigned  to  .government  KX-O  contracts.  (See  "The  Impact 
of  Defensi'  Downsizing  on  'fechnical  Fmployment.") 

Nearly  half  the  doctoral  scientists  and  engineers 
emiiloyed  by  industrial  firms,  and  over  a  third  of  those 
emiiloyed  by  academic  institutions,  were  iirimarily 
en.gaged  in  the  conduct  of  research  and  development  in 
1991.  iSei  peiidix  table  8-4.)  In  industiy.  most  kx!)  sci¬ 
entists  witli  doctoral  degrees  work  in  ajiiilied  research: 


most  KXD  engineers  are  assigned  to  development 
activities.  In  academia,  most  doctorate-holding  scientists 
primarily  en,gagi'd  in  kxd  are  workin.g  on  basic  research 
projects;  most  engineers  are  involved  in  ajtiilied  research. 
(.Se(>  figurt'  8-6.) 

R&D  Employment  by  U.S.  Companies  in 
Other  Countries 

Industrial  kxd  is  bi'coming  incrt'asingly  globalized. 
1  .s.  companies’  exiienditures  on  KXD  performed  outside 
the  I'nited  Slates  rose  dramatically  during  the  198l)s 
(see  chapter  4).  A  myriad  of  factors  is  responsible  for 
the  upsurge  in  KXD  spending  abroad.  Companies  are 
compelled  to  conduct  more  KXD  outside  the  I'nited 
States  to  comiK'te  in  rapidly  expanding  worldwide  mar¬ 
kets.  To  obtain  or  exiiand  overseas  sales,  it  has  become 
increasingly  necessaiy  to  tailor  products  to  meet  spe¬ 
cific  needs  and  rt-quiri'ments  of  foreign  customers.  In 
addition,  i  .s.  companies  have  been  acquiring  laborato¬ 
ries  in  otlu'r  countries  at  a  record  paci' — especially  in 
Japan,  but  also  in  Furope.  other  Asian  countries,  and 
Canada.  Foreign  workers' competence,  technical  skills, 
and  affordability  are  some  of  the  factors  influencing 
the  decisions  to  build  and/or  acquire  ('xisting  foreign 
laboratories. 

In  lf(89  (the  most  rect'iit  year  for  which  data  are  avail¬ 
able).  total  KXD  employment  (including  scientists,  engi¬ 
neers,  managers,  and  other  professional  and  technical 
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Figure  3-6. 

Doctoral  scientists  and  engineers  primarily 
engaged  In  R&D-.  1991 


Thousands 


See  appendix  table  3-4,  Science  &  Engineering  Indicators  -  1993 


employees)  by  u.s.  companies  in  other  countries  reached 
95,000 — 7.6  percent  higher  than  the  level  reported  in 
1982.  *  (See  appendix  table  3-5.)  Most  of  these  r&d  employ¬ 
ees — 71  percent  in  1989 — are  located  in  Europe. 
Germany  and  the  United  Kingdom  had  the  highest  num¬ 
bers  of  i:.s.  R&D  employees — 24,000  and  20,000,  respec¬ 
tively.  (See  figure  3-7.) 

In  1982,  4.3  percent  of  employees  working  for  i  ,s.  affili¬ 
ates  in  Germany  were  engaged  in  r&d,  the  highest  propor¬ 
tion  of  any  country;  Japan  ranked  second  at  3.8  percent.  But 
I'.s.  companies’  r&d  employment  in  Japan  increased  more 
than  150  percent  between  1982  and  1989,  the  highest  rate  of 
growth  reported  for  any  country.  Thus,  by  1989,  the  pro¬ 
portion  of  i:.s.  Japanese  affiliates’  total  employment  engaged 
in  r&d  had  risen  to  5.9  percent,  the  highest  of  any  country.^ 
The  United  Kingdom  had  a  reduction  (13  percent)  in  r&d 
employment  by  I'.s.  affiliates  between  1982  and  1989. 


'Data  in  this  section  were  collected  by  the  Bureau  of  Economic 
Analysis  in  its  1982  and  1989  Benchmark  Surveys  of  i  .s.  Direct 
Investment  Abroad.  Data  on  R&D  employment  are  collected  only  in 
“benchmark"  survey  years;  1982  and  1989  are  the  two  most  recen!  >c'ars 
for  which  data  are  available.  For  more  detailed  information  about  the 
methodologies  and  definitions  used  in  conducting  these  surveys,  see 
HRA  (198.5  and  1992). 

'Acc'  ig  to  one  study,  the  primary  reason  r.s.  companies  have  been 
establis  g  laboratories  in  Japan  is  to  develop  products  specifically  for 
the  Japanese  market  (sks  1991). 


The  leading  industry  in  terms  of  k&d  employment 
abroad  in  1989  was  transportation  equipment  (20,400 
employees):  it  was  followed  by  the  chemicals  and  allied 
products  industry  with  18,7(X)  R&D  employees.  (See  figure 
3-6  and  appendix  table  3-6.)  The  office  and  computing 
machines  segment  of  the  machinery  industry  had  the 
largest  absolute  increase — 5,300  employees — in  R&D 
employment  in  the  mid-  and  l:.te  1980s  (84  percent  higher 
than  the  R&D  employment  level  reported  in  1982).  In  the 
nonmanufacturing  sector,  r&d  employment  in  the  finance 
and  services  industry  nearly  doubled  between  1982  and 
1989,  rising  from  3,600  to  almost  7,(X)0  employees. 

Several  industries  had  reductions  between  1982  and 
1989  in  R&D  employment  abroad  by  i  .s.  affiliates.  The 
largest  decline — 5,700  employees — occurred  in  the  elec¬ 
trical  equipment  industry. 

In  most  industries,  R&D  employment  grew  at  a  faster 
pace  than  overall  employment  by  t  .s.  affiliates.  All  seg¬ 
ments  of  the  chemicals  industry  and  the  office  and  com¬ 
puting  machines  segment  of  the  machinery  industry  had 
the  largest  increases  in  this  measure  of  r&d  intensity. 

S&E  Labor  Market  Conditions 

A  few  years  ago.  reports  of  impending  s&E  personnel 
shortages  were  common.'’  More  recently,  however,  the 
focus  has  been  on  possible  surpluses,  because  the  reces¬ 
sion,  downsizing  of  the  defense  industry  (see  "The  Impact 
of  Defense  Downsizing  on  Technical  Employment"),  and 
(to  a  lesser  extent)  immigrant  scientists  and  engineers 
from  the  former  Soviet  Union  and  Eastern  Bloc  countries 
are  all  currently  disrupting  the  r.s.  .s&E  labor  market. 

Predictions  of  shortages  or  surpluses  of  s&E  personnel 
should  be  treated  with  caution.  At  any  point  in  time,  for 
any  field,  there  may  be  shortages  or  surpluses.  But  in  a 
free  market  economy,  these  shortages  or  surpluses  are 
eventually  eliminated,  r.s.  labor  markets  are  flexible — 
changes  in  supply  and  demand  trigger  fairly  quick 
responses  in  terms  of  both  degree  production  and  mobil¬ 
ity  within  the  labor  force.  Moreover,  employers  can  be 
expected  to  deploy  a  number  of  strategies  to  avert  a 
prospective  labor  shortage.'' 


■p'or  example.  Atkinson  (19t)())  noted  that  "all  the  models  that  are 
used  to  project  supply  and  demand  for  scientists  and  en^rineers, 
although  differing  on  quantitative  details,  come  to  the  same  fundamen¬ 
tal  conclusion:  that  unless  corrective  actions  are  taken  immediately,  all 
sectors  of  society  will  begin  to  experience  shortages  of  scientists  and 
engineers  in  the  next  4  to  6  years,  with  shortages  becoming  significant 
during  the  early  years  of  the  next  century."  And,  in  1989,  (i?  ix-rcent  of 
the  member  companies  responding  to  an  Aerospaci'  Industries 
Association  survey  reported  current  shortages  of  scientists  and  engi¬ 
neers;  85  pt'rcent  anticipated  shortages  in  the  future  (Aerospace 
Industries  Association  1989), 

"For  example,  they  can  lower  hiring  standards  by  eliminating 
advanced  degree  requirements,  employing  individuals  trained  in  relat¬ 
ed  fields,  or  assigning  more  responsibilities  to  technicians.  In  industry 
in  particular,  transferring  individuals  from  one  s|x-cialty  to  another, 
revising  degree  requirements  for  particular  positions,  and  retaining  are 
routine.  Employers  can  also  increase  their  hiring  of  immigrants,  or  they 
can  move  their  o[)erations  offshore  to  countries  that  have  a  plentiful  su|> 
ply  of  workers  with  the  skills  they  need. 
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s&K  labor  markets  are  more  flexible  in  some  ways  than 
those  for  other  occupations.  Scientists  and  engineers  are 
generally  highly  trained  and  well-educated  in  analytically 
based  fields.  This  background  can  serve  them  well  in  a  wide 
array  of  non-s&K  occupations.  An  increasing  number  of  sci¬ 
entists  and  engineers  in  fact  have  been  pursuing  careers  in 
business,  law,  and  other  professions — occupations  that 
have  a  growing  need  for  their  expertise  (Holden  1991). 

S&I-:  labor  markets  are  also  less  flexible  in  some  ways 
than  those  for  other  occupations  due  in  part  to  the  long 
educational  pipeline.  When  the  demand  for  s&K  personnel 
exceeds  the  supply,  employers  usually  increase  salary 
levels  in  an  effort  to  attract  the  workers  they  need.  Rising 
salaries  tend  to  induce  more  students  to  study  in  fields 
with  shortages,  thus  eventually  increasing  supply.  But 
because  of  the  time  it  takes  to  complete  a  formal  educa¬ 
tion,  the  demand/supply  imbalance  may  persist  for  sev¬ 
eral  years,  stretching  out  even  longer  if  the  unmet  need  is 
for  doctoral  scientists  and  engineers. 

S&E  Unemployment  and  Underemployment 

Although  scientists  and  engineers  are  less  likely  to  be 
unemployed  than  other  types  of  workers  (the  overall 
1993  third  quarter  unemployment  rate  was  5.9  percent), 
s&K  unemployment  rates  have  been  increasing  for  the 
past  couple  of  years,' — especially  among  engineers  (see 


In  the  most  recent  American  Chemical  Society  survey,  1.9  percent  of 
the  respondents  reported  that  they  were  without  jobs  but  seeking 
employment,  the  highest  unemployment  rate  registered  by  this  survey 
since  198:i.  when  a  2.2-percent  unemployment  rate  was  recorded.  See 
Brennan.  Rawls,  and  Zurer  (1992). 
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“Engineers:  Shifting  Employment  (Opportunities  and 
Trends”) — and  are  higher  than  those  for  other  profes¬ 
sional  specialty  occupations,  including  physicians, 
lawyers,  and  teachers.  (See  appendix  table  3-11.)  TTie 
1993  (third  quarter)  unemployment  rate  for  all  engi¬ 
neers  stood  at  3.8  percent;  for  all  natural  scientists,  it 
was  3.0  percent;  and  for  all  mathematical  and  computer 
scientists,  it  was  2.2  percent.  (See  figure  3-9.) 

In  addition  to  unemployed  scientists  and  engineers, 
there  are  also  underemployed  s&K  professionals.  Although 
data  on  s&i;  underemployment  are  scarce,  the  most 
recent  data  on  doctoral  underemployment  suggest  that 
few  Ph.D.  scientists  and  engineers — fewer  than  2  per¬ 
cent — are  underemployed  (sks  forthcoming  [a]).'* 

New  S&E  Entrants 

The  most  recent  information  on  entry-level  hiring 
indicates  that  the  demand  for  college  graduates  fell 
sharply  during  the  1990s.'’  Organizations  that  track 
entry-level  hiring  of  college  graduates  all  report  a 
reduction  in  recruiting  by  employers  and  in  the  num¬ 
ber  of  job  offers  made  to  new  bachelors  degree 


'The  definition  of  underemployment  used  here  refers  to  doctorate¬ 
holding  scientists  and  engineers  who  are  either  (1)  holding  part-time 
positions  when  they  would  have  preferred  working  full  time,  or  (2) 
working  in  non-s&i-:  occupations  when  they  would  have  preferred  s&K 
jobs. 

"ni.s  analyses  and  forecasts  predict  that  the  number  of  college  gradu¬ 
ates  working  in  Jobs  traditionally  not  requiring  a  4-year  college  degree 
will  increase  during  the  1990s  and  into  the  next  decade.  St'e  Shellev 
(1992)  and  Hecker  (1992). 


Figure  3-7. 

R&D  employment  by  foreign  affiliates  of  U.S.  companies 


Thousands  of  employees  Thousands  of  RSD  employees 


See  at  Jix  tables  3-5  and  3-6.  Science  &  Engineering  Indicators  -  1993 
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Engineers:  Shifting  Employment  Opportunities  and  Trends 


An  estimated  1.6  million  people  were  employed  as 
enKineers  in  the  United  States  in  1992.  The  engineer¬ 
ing  workforce  contracted  during  the  late  1980s  and 
early  1990s,  losing  nearly  50,000  members  between 
1987  and  1992.  (See  figure  3-8.)  At  the  same  time,  the 
unemployment  rate  for  engineers  doubled,  increasing 
from  the  traditional  level  of  around  2  percent  to  3.8 
percent  in  the  third  quarter  of  1993.  (See  appendix 
table  3-11.)  The  unemployment  rate  for  engineers  is 
now  higher  than  it  was  during  the  “aerospace  reces¬ 
sion”  of  the  early  1970s  and  is  also  higher  than  the  2.8- 
percent  unemployment  rate  for  all  professional 
specialty  occupations  combined.  In  addition,  recent 


Figo-e  3-8 

Number  of  employed  wage  and  salary  workers  who 
usually  work  full  time 


Thousands  of  workers 

See  appendix  table  3-7.  Science  &  Engineering  Indicators  -  1993 


engineering  graduates  are  having  more  difficulty  than 
their  1980s  predecessors  in  landing  their  first  jobs.* 
But  despite  the  weaker  employment  conditions  faced 
by  new  engineering  graduates,  hardly  any  are  forced 
to  join  the  ranks  of  the  unemployed,  and  compared  to 
graduates  who  majored  in  other  disciplines,  they  are 
better  off  in  terms  of  the  number  of  employment 
offers  and  in  the  salaries  they  receive. 

All  of  these  observations — the  shrinking  workforce, 
the  rising  unemployment  rate,  and  the  falloff  in 
employer  recruiting — indicate  that  the  engineering 
profession  is  currently  feeling  the  pinch  of  the  reces¬ 
sion.  cutbacks  in  defense  spending,  and  industry 
downsizing.  These  numbers,  plus  the  sluggish  growth 
in  salaries  relative  to  other  professional  occupations, 
could  discourage  students  from  seeking  engineering 
careers.**  Engineering  training,  however,  can  be  a 
useful  entree  into  nonengineering  jobs.  In  addition  to 
engineers’  key  role  in  innovation  and  the  design,  pro¬ 
duction.  and  marketing  of  new/improved  goods  and 
services,  engineering  training  has  been  found  to  be  a 
good  prerequisite  for  management,  law.  and  even 
medicine.  It  is  much  easier  to  teach  marketing  and 
management  skills  to  an  engineer  than  it  is  to  teach 
engineering  to  business  graduates  (Engineering 
Manpower  Commission  1991b).  The  United  States  is 
following  a  pattern  established  in  Japan.  That  is,  indi¬ 
viduals  with  engineering  backgrounds  are  entering 
management  and  finance  in  greater  numbers  than  in 
the  past  (Engineering  Manpower  Commission  1990). 


‘Even  the  top  engineering  schools  reported  significant  reductions 
in  the  number  of  job  offers  received  by  their  students.  For  example. 
Stanford  University  graduates  were  used  to  receiving  five  to  seven 
job  offers  each:  that  number  is  now  down  to  one  or  two  [Wall  Street 
Journal  1993),  Also,  many  university  placement  directors  are  report¬ 
ing  that  more  engineering  bachelors  degree  graduates  were  plan¬ 
ning  to  attend  graduate  school.  But  many  of  these  recent  graduates 
were  not  continuing  their  education  in  engineering.  For  example,  at 
the  Massachusetts  Institute  of  Technology,  the  number  of  engineer¬ 
ing  graduates  applying  to  medical  school  rose  nearly  40  percent 
between  1991  and  1992.  See  Engineering  Manpower  Commission 
(1992b). 

“A  small  decline  in  students  seeking  engineering  careers  did 
occur  during  the  1970-72  “aerospace  recession."  See  Engineering 
Manpower  Commission  (1991c). 
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recipients.'"  Although  all  recent  college  graduates  have 
been  affected  by  the  decrease  in  recruiting  activity,  s&k 
graduates  are  faring  better  than  those  who  majored  in 
other  disciplines  (College  Placement  Council  1991). 

In-Field  Employment 

The  percentage  of  scientists  and  engineers  who  remain 
in  Si'tK  occupations  (as  opposed  to  the  number  who  leave 
science  and  engineering  to  pursue  careers  in  other 
fields),  yields  important  information  about  the  career 
paths  of  individuals  trained  in  s&k  fields  and  the  supply 
and  demand  for  their  services.  Data  on  s&K  employment 
of  recent  college  graduates  show  the  proportion  of  recent 
S&K  bachelors  degree  candidates  working  in  s&k  related 
jobs  within  2  years  following  graduation  increasing  from 
53  percent  in  1980  to  58  percent  in  1990  (SRS  1982  and 
1992a).  Tliis  trend  is  one  of  several  indicators  that  a  lot  of 
S&  K  job  creation  occurred  during  the  1980s. 

S&K  employment  rates  vary  widely  by  field.  Recent 
(1988  and  1989)  graduates  with  bachelors  degrees  in  the 
social  sciences  and  psychology  had  relatively  low  s&k 
employment  rates — 26  percent  and  27  percent,  respec¬ 
tively — in  1990.  In  contrast,  recent  graduates  who  majored 
in  the  computer,  environmental,  or  physical  sciences  had 
much  higher  rates  of  s&k  employment — 85  percent,  77 
percent,  and  68  percent,  respectively.  These  rates  are 
comparable  to  those  for  the  engineering  specialties.  In 
1990,  S&K  employment  rates  exceeded  80  percent  in  all  but 
one  of  the  engineering  disciplines. 

In-field  employment  rates — i.e.,  the  proportion  of  grad¬ 
uates  employed  in  the  fields  in  which  they  got  their 
degrees — are  much  lower  than  s&k  employment  rates. 
(See  text  table  3-1.)  Not  surprisingly,  masters  degree 
recipients  are  far  more  likely  than  those  with  only  bache¬ 
lors  degrees  to  be  employed  in  the  fields  in  which  they 
got  their  education.  About  60  percent  of  all  recent  (1988 
and  1989)  masters  degree  recipients — compared  to  38 
percent  of  all  recent  bachelors  degree  recipients — were 
employed  in  their  major  fields  of  study  in  1990. 

College  graduates  who  do  not  seek  immediate  employ¬ 
ment  usually  enter  graduate  school.  Approximately  20 
percent  of  1988  and  1989  s&k  bachelors  degree  recipients 


'  'rile  downturn  in  corporate  recruiting  on  college  campuses  has  been 
tracked  and  diK-umented  by  Patrick  Sheetz  in  Michigan  State  University's 
Recruiting  Trends  series,  by  Victor  IJndquist  in  Northwestern  University's 
Lindquist  Endirott  Report,  by  the  College  Placement  Council,  and  by 
Valerie  I.aw  who  maintains  the  job  Opportunity  Barometer  for  Graduating 
Engineer.  College  Placement  Council  data  show  the  number  of  corporate 
recniiters  visiting  each  college  campus  dropping  from  an  average  of  42  in 
1986  to  23  in  U)!)3.  The  Job  Opportunity  Barometer  published  in  March 
1992  showed  engineering  recruitment  down  22  percent  from  March  1991 
to  March  1992.  The  American  Chemical  .SiK'iety  in  its  1993  employinent 
outlook  reports  that  "the  job  outlook  for  newly  graduated  chemists  and 
chemical  engineers  remains  gloomy.”  (According  to  the  American 
Chemical  Society,  however,  there  is  one  “bright  spot" — demand  for  chem¬ 
ical  professionals  by  drug  and  consumer  product  companies  remains 
strong.)  Anecdotal  information  has  also  apix'ared  frequently  in  the  science 
press.  For  evnnple.  the  June  8.  1992,  issue  of  the  Scientist  contains  a  reixirt 
on  the  dro.  n  job  offers  at  Caltech  for  students  who  specialized  in  aero¬ 
nautics.  coni()ut*T  science,  physics,  and  mechanical  engim’ering. 


were  attending  graduate  school  full  time  in  1990,  down 
from  23  percent  10  years  earlier  (another  indicator  of 
healthy  s&k  job  creation  during  the  1980s).  Interestingly, 
over  one-third  of  the  1988  and  1989  s&i;  bachelors  degree 
recipients  attending  graduate  school  full  time  in  1990 
were  pursuing  professional  degrees  in  medicine,  den¬ 
tistry.  law,  or  business.” 

Attachment  Rates 

Little  information  is  available  on  attachment  rates  of 
t'..s.  scientists  and  engineers.  Rough  estimates  show  that 
in  the  mid-1980s,  fewer  than  half  of  those  with  degrees  (at 
all  levels)  in  engineering,  and  fewer  than  one-quarter  of 
those  with  degrees  in  the  natural  sciences  were 
employed  in  s&K  occupations  (Citro  and  Kalton  1989,  p. 
50).  The  rate  was  below  10  percent  for  social  science 
majors.  For  those  with  masters  or  higher  degrees  in 
either  the  natural  or  social  sciences,  s&k  employment 
rates  were  considerably  higher — over  one-third  and  near¬ 
ly  one-quarter,  respectively.  (There  is  relatively  little  dif¬ 
ference  in  the  .s&k  employment  rates  of  engineers  with 


"Unpublished  tabulations  from  nsf's  1990  Survey  of  Natural  and 
fxK'ial  Science  and  Kngineeiing  Graduates  show  that  one-third  of  the 
1988  and  1989  bachelors  degree  recipients  who  majored  in  the  physical 
or  life  sciences  and  were  in  graduate  school  full  time  in  1990  were  in 
medical  school;  45  percent  of  the  graduate  students  who  majored  in  the 
social  sciences  were  in  law  school. 


Figure  3-9. 

Science  and  engineering  unempioyment  rates, 
by  occupation 


Percent 


See  appendix  table  3-11.  Science  &  Engineering  Indicators  -  1993 
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Text  table  3-1 . 

S&E  and  in-field  employment  rates  of  1988  and  1989  S&E  graduates,  by  degree  field;  1990 


S&E  occupation  Employed  in  field 


Degree  field 

Bachelors 

Masters 

Bachelors 

Masters 

.... 

Percent 

Total  science  and  engineering . 

.  57.6 

82.2 

37.8 

59.0 

Sciences . 

.  47.6 

77.1 

33.2 

59.6 

Physical  sciences . 

.  67.9 

86.3 

35.6 

43.4 

Mathematical  sciences/statistics . 

.  66.2 

83.3 

39.6 

57.4 

Computer  sciences . 

.  85.3 

89.2 

81.5 

77.2 

Environmental  sciences . 

.  76.6 

92.5 

56.1 

69.4 

Life  sciences . 

.  54.3 

76.1 

38.4 

59.0 

Psychology . 

.  27.2 

57.8 

9.9 

48.1 

Social  sciences . 

.  26.0 

55.2 

14.1 

43.5 

Engineering . 

.  86.1 

92.0 

50.7 

57.8 

Aeronautical/astronautical . 

.  77.6 

85.7 

48.9 

* 

Chemical . 

.  88.5 

100.0 

49.6 

• 

Civil . 

.  89.4 

95.2 

71.1 

69.1 

E  lecfrica  I/electronic . 

.  88.1 

94.3 

53.3 

57.7 

Industrial . 

.  80.0 

72.7 

42.2 

26.5 

Materials . 

.  84.6 

100.0 

• 

• 

Mechanical . 

.  88.7 

94.1 

44.3 

60.4 

Petroleum . 

.  100.0 

100.0 

• 

* 

NOTES:  '  =  no  rate  was  computed  for  groups  with  fewer  than  1.500  individuals  in  labor  force:  S&E  =  science  and  engineering. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Recent  Science  and  Engineering  Graduates:  1990 
(Washington.  DC:  NSF). 
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bachelors  or  masters  degrees.)  At  the  doctoral  level,  s&E 
employment  rates  reach  and  exceed  90  percent;  only 
those  with  doctorates  in  the  social  sciences  have  s&K 
employment  rates  dipping  much  below  90  percent.  (See 
text  table  3-2.) 

S&E  Salaries 

Examining  trends  in  salaries  paid  to  workers  is  an  impor¬ 
tant  way  of  assessing  the  demand  for  labor,  because  rising  rel¬ 


ative  wages  usually  indicate  a  scarcity  of  available  workers.'- 
In  general,  scientists  and  engineers  earn  considerably 
more  than  most  workers,  and  engineers  earn  more  than  sci¬ 
entists.  In  fact,  engineering  compensation  is  better  than  in 
most  professions:  Only  lawyers,  physicians,  and  pharmacists 
make  more  than  engineers.  (See  appendix  table  3-12,  figure  3-10, 

'-'A  good  example  of  this  oceurred  in  the  19S()s  when  tlie  I'niled 
Slates  first  besan  to  experience  an  acute  shorta.i{e  of  nurses.  Nurses' 
salaries  h.ave  been  increasing  faster  than  those  for  almost  all  other  (tro- 
fessional  occupations. 


Text  table  3-2. 

Employment  of  scientists,  engineers,  and  technicians;  1990  and  projected  for  2005 


Occupation 

1990 

Total  employment 

2005 

Lowf  Moderate 

High 

Low 

Change 

1990-2005 

Moderate 

High 

— 

-  - Thousands - 

- - 

— 

Percent 

— 

Total,  all  occupations . 

122,573 

136,806 

147,191 

154,543 

11.6 

20.1 

26.1 

All  scientists,  engineers,  and  technicians . 

5,650 

6,177 

7,606 

8,964 

9.3 

34.6 

58.7 

Engineering,  math,  &  natural  science  managers .  .  . 

315 

337 

423 

505 

6.8 

34.2 

60.0 

Engineers . 

1,519 

1,489 

1,919 

2,332 

(2.0) 

26.3 

53.5 

Life  scientists . 

174 

194 

230 

264 

12.0 

32.3 

52.4 

Computer,  math,  &  operations  research  analysts  .  , 

571 

835 

987 

1,127 

46.2 

72.8 

97.3 

Physical  scientists . 

200 

187 

241 

294 

(6.4) 

20.5 

47.6 

Social  scientists . 

224 

296 

320 

342 

32.3 

42.8 

52.6 

Eng./science  technicians  &  computer  programmers 

2,647 

2,839 

3,486 

4,099 

7.2 

31.7 

54.9 

NOTE:  Assumptions  concerning  the  impact  of  defense  downsizing  on  employment  were  included  in  the  three  scenarios. 

SOURC  Tureau  of  Labor  Statistics.  Monthly  Latx)r  Review.  November  1991  and  February  1992  (Washington.  DC). 
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Engineering  Salaries 


Since  1987,  engineering  salaries  have  barely  kept 
pace  with  inflation,  an  indication  that  although  there 
are  or  may  have  been  some  shortages  in  some  engi¬ 
neering  disciplines,  they  were  not  severe  enough  to 
cause  a  constant-dollar  increase  in  the  price  of  engi¬ 
neering  services.  “'Fhe  sluggish  growth  in  salaries  [can 
bel  attributed  to  a  large  pool  of  available  engineering 
talent,  defense  budget  cuts,  and  downsizing  in  indus¬ 
try'.  which  increased  the  number  of  engineers  in  the  job 
market"  (Engineering  Manpower  Commission  1992a). 

According  to  bls  data,  the  median  annual  salary  for 
all  engineers  was  $44,820  in  1992.  Two  other  organiza¬ 
tions,  the  Engineering  Workforce  Commission  and  the 
National  Society  of  Professional  Engineers,  peg  the 
1992  median  at  $.52,150  and  $58,240,  respectively. 

Approximately  1..5  million  engineers  work  for  indus¬ 
trial  firms.  According  to  data  from  the  Engineering 
Workforce  Commission,  the  median  annual  salary  of  all 
engineers  working  in  industry  was  $54,900.  (See  ap¬ 
pendix  table  3-8.)  These  data  also  reveal  the  following. 

♦  Pay  is  somewhat  higher  in  nonmanufacturing 
than  manufacturing  industries — $56,150  versus 
$53,850. 

♦  Engineers  working  in  the  petroleum  refining  indus¬ 
try  have  the  highest  median  annual  salary  among 
manufacturing  industries:  it  was  $72,.500  in  1992. 
Those  working  in  the  chemicals,  drugs,  and  plastics 
industry  reported  the  second  highest  median  annu¬ 
al  salary — $65,400.  Among  all  manufacturing  indus¬ 
tries.  engineering  salaries  in  these  two  industries 
exhibited  about  the  largest  percentage  increases — 
27  to  28  percent — between  1987  and  1992. 


♦  Among  nonmanufacturing  industries,  research 
and  development  organizations  paid  engineers  the 
highest  median  annual  salary — $63.500 — in  1992. 

♦  Tlte  median  annual  salary  received  by  engineers 
(both  supervisors  and  nonsupervisors)  at  the  bach¬ 
elors  degree  level  rose  19  percent — from  $44,150 
to  $52.550 — between  1987  and  1992.  (See  appendbc 
table  3-9.)  Engineers  at  the  masters  degree  level 
saw  their  median  annual  salary  increase  only  14 
percent — from  $51,950  to  $59,350.  Doctoral 
salaries  rose  18  percent — from  $59,700  to  $70,600. 
(Only  about  4  percent  of  the  engineers  working  in 
industry  have  doctoral  degrees.  See  Engineering 
Manpower  Commission  1992a.) 

♦  In  1992,  nonsupervisory  engineers  with  masters 
degrees  made  an  average  of  about  $6,000  more 
per  year  than  engineers  at  the  bachelors  degree 
level.  The  Ph.D.  premium — the  salary  differential 
between  those  engineers  holding  doctorates  and 
those  with  masters  degrees — was  about  $10,000. 

♦  Engineers  with  supervisory  responsibilities  make 
an  average  of  about  $20,000  more  per  year  than 
those  without  supervisory  responsibilities. 

♦  The  starting  pay  of  recent  engineering  graduates 
has  been  increasing  at  a  faster  pace  than  the  medi¬ 
an  salary  paid  to  experienced  workers.  This  “com¬ 
pression"  or  narrowing  of  the  range  of  compensa¬ 
tion  between  younger  and  older  engineers  indicates 
that  the  relative  value  of  experience  in  the  work¬ 
place  has  been  declining  (Engineering  Manpower 
Commission  1992a). 


;uid  "Engineering  -Salarit's.") 

Besides  being  lower  than  the  salaries  of  doctors  and 
lawyers,  scientists’  and  engineers'  salaries  have  been 
increasing  at  a  slower  pace.  Between  1987  and  1992,  the 
median  salaries  of  natural  scientists  and  engineers  increa.sed 
about  20  ixTcent.  Salaries  for  mathematical  and  computer 
scientists  increased  somewhat  faster  (28  percent).  Tliese 
gains,  however,  did  not  match  those  for  other  occupations 
that  require  training  beyond  undergraduate  .school. 
Physicians’  median  annual  salaries  rose  44  percent  and 
lawyers’  increased  33  [xrce'iit  during  the  .same  time  period.' ’’ 

Beginning  Salary  Offers 

Despite  the  tight  labor  market,  mo.st  recent  .Sis::!';  gradu¬ 
ates  continue  to  command  increasingly  higher  starting 


'  Twi)  ullicr  (KViipiilidiis — |)syclii)l().t;\-  and  rcKisUTcd  nursing — also 
rryd'liTial  tje  I'.’u  lo  as  [x-Ri'iiU  niodian  aiiniial  s.ilan.'  itUTcascs 
bi'lwocn  1 .  anil  Id'C. 


salaries  than  they  did  a  few  years  earlier.  The  rate  of 
increase,  however,  appears  to  have  slackened  after  1990. 

Among  all  bachelors  degree  candidates,  chemical  and 
petroleum  engineering  majors  received  the  highest  start¬ 
ing  salary’  offers,  averaging  $39,500  and  $38,400,  respec¬ 
tively,  in  1993.  (See  appendix  table  3-13.)  Average  starting 
salary  offers  in  these  two  fields  also  exhibited  large  aver¬ 
age  annual  percentage  increases — 5.0  and  3.7  percent, 
respectively,  between  1988  and  1993.  These  gains  were 
higher  than  those  registered  by  any  other  field — except 
nursing,  which  had  a  5.6-percenl  average  annual  increase 
during  the  same  period. 

Recent  engineering,  computer  science,  physics,  mathe¬ 
matics,  and  chemistry  bachelors  degree  recipients 
receive  higher  salary  offers  than  graduates  in  almost 
every  other  field.  In  1993,  starting  salary  offers  exceeded 
$3(),()0()  in  all  engineering  disciplines  (except  civil  engi¬ 
neering)  and  in  cominiter  science.  (Nursing  was  the  only 
other  major  with  a  starting  salary  above  $30,000.) 
Chemistry,  physics,  and  mathematics  were  close  bi'hind 
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Figure  3-10. 

Median  annual  salaries  of  full-time  workers 


See  apendix  table  3-12.  Science  S  Engineering  Indicators  -  1993 


with  average  starting  salary  offers  of  $28,000,  $26,800, 
and  $26,500,  respectively.  The  beginning  salary  offers 
received  by  recent  undergraduate  degree  recipients  who 
majored  in  the  biological  sciences,  psychology,  and  soci¬ 
ology  were  considerably  lower.  In  1993,  the  figures  for 
these  majors  were  between  $20,000  and  $23,000. 

In  general,  the  rate  of  increase  in  starting  salary  offers 
slowed  after  1990.  For  example,  between  1990  and  1993, 
beginning  salary  offers  in  aerospace/aeronautical  engi¬ 
neering  increased  at  an  average  annual  rate  of  1.2  per¬ 
cent,  far  below  the  4.1-percent  rate  registered  between 
1988  and  1990.  Similarly,  the  average  annual  rate  of 
increase  for  civil  engineering  majors  fell  from  4.8  percent 
between  1988  and  1990  to  1.3  percent  between  1990  and 
1993.  In  addition,  students  who  majored  in  the  biological 
sciences,  mathematics,  physics,  and  psychology  received 
on  average  lower  salary  offers  in  1993  than  their  counter¬ 
parts  received  in  1990. 

Forecasting  the  S&E  Job  Market 

Forecasting  supply  and  demand  for  scientists  and  engi¬ 
neers  is  an  extremely  difficult  (see  Vetter  1992a  and  1993 
and  Fechter  1990),  and  rarely  accurate  (see  Leslie  and 
Oaxaca  1990),  undertaking.  For  example,  how  could  any¬ 
one  have  predicted  the  end  of  the  Cold  War  and  its  after- 
math?  )'’‘’-'ough  the  end  of  the  Cold  War  has  not  caused 
a  major  v  ..ruption  in  i  .s.  labor  markets  for  scientists  and 


engineers,  some  turmoil  is  being  generated  by  newly  job¬ 
less  engineers  (many  of  whom  have  spent  their  entire 
careers  in  the  l  .s.  defense  industry)  and  by  scientists  exit¬ 
ing  the  former  Soviet  Union. 

BUS  analysts  have  conducted  several  studies  of  the 
future  job  market  for  scientists,  engineers,  and  techni¬ 
cians.  Findings  from  these  studies  yielded  the  following 
conclusions: 

♦  Employment  in  technical  occupations  will  grow  at  a 
faster  pace  than  overall  employment. 

♦  Employment  in  technology-intensive  industries  will 
grow  at  about  the  same  rate  as  employment  in  general. 

♦  Surpluses  are  more  likely  to  be  observed  in  the  s&i-: 
job  market  than  shortages,  but  the  latter  (especially 
in  specific  fields)  cannot  be  ruled  out. 

Every  2  years,  bls  analysts  prepare  employment  pro¬ 
jections  by  occupation  and  by  industry  for  the  entire  econ¬ 
omy.  The  most  recent  forecast  was  prepared  in  1991  and 
covered  the  period  1990-2005.  Data  derived  for  technical 
occupations  are  presented  in  text  table  3-2.  They  show 
wide  variations  in  employment  growth  under  the  three 
alternative  scenarios — which  prescribe  high,  moderate, 
or  low  growth  for  the  economy — bus  uses  for  projecting 
future  employment.  (Assumptions  concerning  the  impact 
of  defense  downsizing  on  employment  were  included  in 
these  scenarios.)  For  all  technical  occupations,  growth 
over  the  1990-2()05  period  is  projected  to  range  from  9 
percent  (using  the  low-growth  scenario)  to  59  percent  (in 
a  high-growth  economy).  The  moderategrowth  alterna¬ 
tive  yields  a  35-percent  increase,  a  much  higher  gain  than 
the  20-percent  increase  in  employment  projected  for  the 
economy  as  a  whole  (Silvestri  and  Lukasiewicz  1991). 

Among  individual  scientific  and  technical  occupations, 
projections  for  engineering  employment  show  the  widest 
variation:  from  a  2-percent  decline  (using  low-growth 
assumptions)  to  a  54-percent  increase  (under  the  high- 
growth  scenario).  Engineering  employment  is  more  sen¬ 
sitive  to  changes  in  the  economy  and  the  defense  budget 
than  employment  in  the  other  technical  occupations. 
Under  each  of  the  three  alternatives,  computer,  mathe¬ 
matical,  and  operations  research  analysts  are  expected  to 
have  the  highest  growth  rates,  ranging  from  a  4^  to  a  97- 
percent  increase.  Employment  of  social  scientists  shows 
the  least  variation  in  growth — up  or  down  7  percent — 
depending  on  the  state  of  the  economy. 

As  part  of  this  ongoing  effort,  the  National  Science 
Foundation  (nsf)  sponsored  a  special  bus  study  of 
employment  growth  in  approximately  50  industries  that 
employ  the  highest  concentrations  of  technical  personnel 
and  all  levels  of  government  (Braddock  1992).'^  Once 
again,  projections  were  based  on  three  alternative  scenar- 


'^Braddock’s  definition  of  high-tech  industries  differs  from  the 
Organisation  for  Economic  Co-operation  and  Development  definition 
used  in  chapter  6. 
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Text  table  3-3. 

Unemployment,  underemployment,  and  S&E 
employment  rates  of  doctoral  scientists  and 
engineers,  by  degree  field:  1991 


Degree  field 

Un¬ 

employment 

Under¬ 

employment 

Employment 
in  S&E 

Total  science  and 
engineering . 

1.4 

Percent 

1.7 

89.7 

Sciences . 

1.5 

1.8 

89.0 

Physical  sciences .  . 

2.0 

1.0 

91.9 

Mathematics . 

0.3 

0.8 

92.4 

Computer  sciences . 

1.4 

0.3 

95.3 

Environmental 
sciences . 

1.1 

1.9 

94.1 

Lite  sciences . 

1.7 

1.6 

92.6 

Psychology . 

1.2 

1.0 

90.3 

Social  sciences  .  .  . 

1.4 

3.5 

75.7 

Engineering . 

1.1 

0.9 

93.4 

Aeronautical/ 
astronautical . 

1.6 

1.2 

96.2 

Chemical . 

1.0 

0.9 

93.2 

Civil . 

0.5 

0.3 

94.8 

Electrical/electronic . 

1.7 

1.1 

95.2 

Materials . 

0.9 

0.4 

93.2 

Mechanical . 

1.1 

1,1 

92.7 

Nuclear . 

1.2 

1.8 

92.4 

Systems  design  .  .  . 

0.8 

1.2 

88.2 

Other  engineering .  . 

0.8 

1.0 

91.1 

NOTES:  Underemployed  doctoral  scientists  and  engineers  are  those 
who  reported  that  they  were  either  (1)  holding  part-time  positions  when 
they  would  have  preferred  working  full  time,  or  (2)  working  in  non-S&E 
occupations  when  they  would  have  preferred  S&E  jobs. 

S&E  =  science  and  engineering. 

SOURCE;  Science  Resources  Studies  Division.  National  Science 
Foundation.  Characteristics  of  Doctoral  Scientists  and  Engineers:  1991 
(Washington,  DC:  NSF,  forthcoming). 
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ios.  In  addition  to  the  economic  and  other  assumptions 
used  in  the  original  bls  model,  additional  variables  that 
affect  employment  in  high-tech  industries — e.g  ,  the 
propensity  for  the  Nation  to  spend  money  on  R&n  and  the 
export  of  products  with  a  high  technology  content — were 
incorporated  in  this  model. 

The  results  of  the  analysis  show  employment  in  technol¬ 
ogy-intensive  industries  increasing  about  20  percent  (in  the 
mid-range  scenario)  between  1990  and  2005:  This  is  about 
the  same  as  the  employment  growth  rate  forecast  for  the 
economy  as  a  whole.  This  finding  is  counter  to  projections 
made  a  few  years  earlier  (bls  1990)  that  showed  employ¬ 
ment  in  high-tech  industries  increasing  at  a  faster  pace  than 
overall  i :.s.  employment.  The  change  is  largely  attributable 
to  the  turnaround  in  defense  spending  that  occurred  in  the 
late  1980s.  The  curtailment  of  military-related  expenditures 
is  lowering  the  rate  of  employment  growth  in  technology¬ 
intensive  industries,  bringing  the  rate  of  increase  down  to 
the  level  ected  for  all  I'.s.  employment. 


These  two  bls  studies  present  an  interesting  anomaly: 
Although  employment  in  technical  occupations  is  expect¬ 
ed  to  increase  faster  than  overall  employment,  employ¬ 
ment  in  technology-intensive  industries  is  not  expt'cted  to 
increase  any  faster  than  employment  in  nontechnology¬ 
intensive  industries.  One  explanation  is  that  in  the  less 
technology-intensive  industries — e.g.,  those  in  the  service 
sector — the  proportion  of  the  workforce  comprisi'd  of  sci¬ 
entists  and  engineers  is  increasing  faster  than  employment 
in  general. 

Tlie  Bl>i  analysis  of  the  job  market  for  technical  workers 
was  carried  another  step  farther  in  an  attempt  to  deter¬ 
mine  whether  the  supply  of  new  s&i;  graduates  would  be 
sufficient  to  fill  the  new  jobs  created  in  the  near  future 
(1990-2005)  and  to  replace  workers  who  retire  or  leave  s^:!; 
jobs.  Once  again,  three  estimates  of  the  supply  of  new  s\i; 
graduates  were  prepared:  they  were  calculated  using 
(high,  moderate,  and  low)  percentages  of  the  college-age 
population  expected  to  earn  bachelors  degrees  in  science 
and  engineering.’  ’ 

Next,  the  number  of  new  .'v'vi;  graduates  derived  under 
each  of  the  three  supply  scenarios  was  compared  with  the 
number  of  job  openings  derived  from  each  of  the  three 
employment  growth  scenarios  for  all  technical  occupa¬ 
tions.  Matching  the  three  supply  with  the  three  demand 
estimates  yielded  nine  possible  depictions  of  the  future  job 
market  for  technical  workers.  Each  of  these  nine  alterna¬ 
tives  was  then  compared  with  a  benchmark  detennined  by 
BLS  staff  to  be  the  ratio  of  technical  degrees  awarded  annu¬ 
ally  to  the  number  of  technical  job  openings  during  a  time 
(1984-90)  when  the  supply  of  new  SiVli-;  graduates  was 
thought  to  be  equal  to  the  demand  for  them.  In  the  late 
1980s,  the  ratio  of  technical  degrees  awarded  annually  to 
the  number  of  technical  job  openings  was  about  1.6.  That 
is,  of  every  16  s&K  graduates.  10  took  jobs:  the  other  6 
either  went  into  non-s&i:  occupations  or  left  the  country. 

Using  this  1.6  ratio  as  the  benchmark,  it  was  deter- 
mineu  that  most  of  the  nine  supply-demand  possibilities 
yielded  ratios  equal  to  or  higher  than  1.6 — that  is.  the  sup¬ 
ply  of  S&I-:  graduates  was  greater  than  the  demand.  Only 
in  three  of  the  alternatives — those  in  which  high-growlh 
estimates  were  coupled  with  low-growth  estimates  of 
technical  degree  production — would  there  be  situations 
in  which  shortages  might  exist.  Tin.  results  of  this  mod¬ 
eling  exercise  indicate  that  although  there  may  be  future 
shortages  of  technical  workers  in  some  fields,  overall, 
there  are  more  likely  to  be  surpluses  in  the  coming 
decade  and  beyond."’ 


'  qiiis  nu'tliod  of  i-stiniatiriK  the  supply  of  new  scientists  and  engineers 
has  several  deficiencies  cited  by  Itraddock  (UK)2).  the  most  important  of 
which  is  the  omission  of  r)ther  sources  of  sup(>ly.  i.e..  (I)  individuals 
switching  to  s&i;  jobs  from  other  occupations  and  (2)  immigrants. 

"1n  a  resijonse  to  the  nt.s  findings.  Finn  and  Baker  (Itbff)  sltow  tfiat 
there  are  likely  to  be  more  shortage  situations  than  predicted  using  ni  s' 
model.  Tliey  reach  this  conclusion  by  showing  that  the  m  s  estimates  of 
degree  production  are  overly  optimistic. 
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Employment  of  Doctoral  Scientists 
and  Engineers 

Employment  by  Sector 

In  U)91.  approximately  3(i7.4(X)  doctoral  scientists  and 
69.8(K)  doctoral  engineers  were  employed  in  the  United 
States.  (See  appendix  table  ;U14.)  About  half  the  scientists 
were  employed  at  educational  institutions;  nearly  one-third 
were  employed  by  industry.  (See  figure  3-11.)  During  the 
past  two  decades,  employment  of  doctoral  scientists  has 
been  shifting  from  the  academic  to  the  industrial  sector.*’ 
A  similar  trend  occurred  among  doctorate-holding  engi¬ 
neers.  The  proportion  of  these  engineers  employed  at  col¬ 
leges  and  universities  declined  during  the  late  1970s  and 
198()s;  concurrently,  the  share  employed  in  industry 
increased  (NSH  1991).  In  1991.  one-third  of  employed  doc¬ 
toral  engineers  worked  at  academic  institutions;  a  much 
higher  proportion — 57  percent — worked  in  industry. 

Unemployment  and  Underemployment 

Doctorate-holding  scientists  and  engineers  have  an 
extremely  low  unemployment  rate.  The  1991  unemploy¬ 
ment  rate  for  all  these  scientists  and  engineers  was  1.4  per¬ 
cent — far  below  the  overall  t  .s.  unemployment  rate  of  6  per¬ 
cent.  In  only  two  fields — chemistry  (2.3  percent)  and  soci¬ 
ology/anthropology  (2.9  percent)— did  doctoral  scientists 
have  unemployment  rates  exceeding  2  percent. 

Underemployment  of  doctoral  scientists  and  engineers 
is  also  rare.  In  1991,  only  1.7  percent  of  doctorate-holding 
scientists  and  engineers  in  the  workforce  were  either  ( 1) 
holding  part-time  positions  when  they  would  have  pre¬ 
ferred  working  full  time,  or  (2)  working  in  non-s&E  occu¬ 
pations  when  they  would  have  preferred  s&E  jobs. 
However,  underemployment  in  the  social  sciences  was 
relatively  high — 3.5  percent;  it  was  even  higher  in  the 
social  science  subfield  of  sociology/ anthropology. 

Despite  these  numbers,  several  professional  associa¬ 
tions**^  have  been  documenting  employment  difficulties 
faced  by  new  Ph.D.  recipients,  focusing  on  one  issue  in 
particular — the  lack  of  permanent,  full-time  positions  in 
academia.  According  to  these  groups,  competition  among 
new  Ph.D.  recipients  for  each  tenure-track  opening  is 


''Unpublished  labulalion.s  from  the  Ajnerican  Institute  of  Physics’ 
1989  Society  Membership  Sample  Survey  show  that  fewer  than  a  quar¬ 
ter  of  the  physicists  who  received  their  doctorates  before  1969  work  in 
industry’.  In  contrast,  over  40  percent  of  those  who  received  their 
degrees  between  1987  and  1989  are  employed  in  industry.  The  compa¬ 
rable  proportions  for  university  employment  were  47  percent  and  28  per¬ 
cent.  respectively.  Crhese  data  do  not  include  postdoctoral  scientists.) 

'"Fhe  most  vocal  of  these  professional  associations  is  a  relatively  new 
organization  called  the  Young  Scientists  Network.  Others  voicing  simi¬ 
lar  concerns  are  the  American  Institute  of  Physics,  the  American 
Mathematical  Society,  and  the  American  Chemical  Society.  Surveys  of 
the  latter  society's  membership  show  unemployment  among  new  doc¬ 
toral  chemists  (which  did  not  rise  above  4  percent  during  the  recession 
years  in  the  early  198()s).  increasing  sharply  in  recent  years.  American 
.Mathematical  Society  data  show  the  unemployment  rate  of  new  mathe¬ 
matics  dr  '  irate  recipients,  which  is  normally  about  2  percent,  at  an  all- 
time  hig  percent  in  1992.  See  McClure  (1992). 


Figure  3-11. 

Employed  doctoral  scientists  and  engineers, 
by  sector:  1991 


Doctoral  scientists 

N  =  367,440 


Doctors)  engineers 

N  =  69.766 
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fierce;  many  new  doctorate-holder's  are  becoming 
increasingly  discouraged  after  long,  unsuccessful  job 
searches.**' 

The  apparent  oversupply  of  doctoral  scientists  in  some 
fields  is  being  blamed  on 

♦  perceived  cutbacks  in  basic  research  funding. 

♦  growth  of  “big  science"  projects  (Flam  1992). 


"'According  to  the  American  Mathematical  Society  (.wis),  new  faculty 
recruitment  in  mathematics  departments  is  down  dramatically.  .\MS  docu¬ 
mented  that  there  were  17  percent  fewer  full-time  [xisitions  in  doctorale¬ 
granting  mathematics  departments  in  1990/91  than  in  the  preceding  year; 
jxjsitions  in  masters-  and  bachelors-granting  institutions  were  also  down 
sharply,  34  percent  and  18  percent,  respectively.  See  McClure  (1992). 
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Text  table  3-4. 

Average  annual  salary  offers  to  doctoral  degree  candidates  In  selected  fields;  1988-93 


Salary  Change  from  previous  year 


Chemistry 

Math 

Physics 

Chemistry 

Math 

Physics 

Percent 

1988  . 

...  41,?'’2 

40.668 

42,480 

1989  . 

...  43,147 

45,438 

42.263 

4  5 

11.7 

1990  . 

.  .  45,356 

42.775 

41.486 

5.1 

* 

1991  . 

47,911 

41,146 

39,913 

5.6 

• 

1992  . 

,  .  ,  ,  50.719 

40,954 

40.940 

5.9 

• 

1993  ..  . 

...  50,933 

39.500 

50.600 

0.4 

NOTES  Data  are  as  of  September  of  each  year  '  =  not  computed  for  fewer  than  20  offers 

SOURCE  College  Placement  Council,  Survey  of  Beginning  Salary  Offers,  annual  senes  Science  <S  Engineering  Indicators  -  1993 


♦  tlic  fxodiis  (if  scientists  from  the  foniier  Soviet  I'nion 
and  liasteni  Bloc  countries  (an  already  overcrowded 
job  market  is  bein>r  Hooded  by  these  new  arrivals).-'" 

♦  ti^bt  state  budgets  that  have  resulted  in  cutbacks 
and  hiriiifr  frt'e/es  at  state-supported  institutions 
(Brennan.  Rawls,  and  ZurtT  199L':  and  Cipra  1991). 

Some  doctoral  scientists  unable  to  find  academic  posts 
are  reluctantly  takinj?  second  and  third  postdoctoral 
research  positions.-'  Tlie  most  recent  Nsi  data  (which 
cover  years  through  1991),  however,  do  not  show  a  size¬ 
able  increase  in  the  number  of  postdoctorate  appoint¬ 
ments  (sKs  1992c). 

Although  scientists  have  been  vocal  in  their  complaints 
about  the  lack  of  jobs,  few  data  are  currently  available  to 
support  their  contentions,  llie  most  recent  comprehen¬ 
sive.  statistically  valid  doctoral  employment  data  are  for 
1991;  199:?  data  are  not  yet  available.  'Hiere  is  a  smattering 
of  data  collected  by  professional  associations  that  points  to 
a  tightening  of  the  Ph.I).  job  market  in  the  199()s.  For 
example,  data  collected  by  the  American  Institute  of 
Physics  show  the  proportion  of  employed  doctoral  recipi¬ 
ents  who  took  more  than  (?  months  to  secure  pennanent 
positions  increasing  from  1.'?  percent  in  1989  to  22  percent 
in  1991.  (Additional  numbers  provided  by  professional 
associations  on  the  worsening  job  market  faced  by  their 
members  appear  in  some  of  the  footnotes  in  this  section.) 
Also,  data  on  beginning  salary  offers  to  doctoral  degree 
candidates  may  indicate  a  plentifid  supply  of  applicants  for 
available  jobs.  Average  annual  salary  offers  in  mathemat¬ 
ics  and  physics  fell  between  1989  and  1991.  (See  text  table 
.'?-4.)  Although  beginning  salary  offers  for  physicists  a}> 


For  I’xampic.  as  many  as  HIKl  nialhomafiuians  from  the  former  Soviet 
I  ’nion  have  son.irht  employment  in  the  I  'nited  States  in  the  last  '2  years. 
.•V  eordiiiK  to  data  collected  by  the  .Vnerican  Mathematical  Siciety.  the 
ratio  of  applicants  to  irositions  in  the  AMs  register  made  a  more  than  ISO 
detjree  turnaround — from  Flf  in  the  mid-l!IS0s  to  nearly  I!:!  in  lOfrt, 
ImmiKrants  accounted  for  11!  (lercent  of  new  I’h.I).  recipients  hired  by 
doclorate-jarantinc'  departments.  See  .Mct'lnre  (1002) 

-  'Hie  .'Xmerican  C  hemical  Society’s  survey  of  its  membership  revealed 
that  the  [iroportion  of  new  chemistry  I'h.l).  ri'ci|)ients  taking  postdoctor¬ 
ate  positior  -creased  from  .'f  t  percent  in  1000  to  ;I7  iH-rceiit  in  1001  to 
l.~)  percent  .1)1’.'. 


pear  to  have  increased  fitter  19F)1.  those  receivtxi  by  math¬ 
ematicians  continued  to  fall,  and  those  received  by 
chemists  did  not  increase  appreciably  between  1992  and 
199:?. 

From  another  pt'rsjxvtive.  kibor  market  expc'rts.  and 
even  fellow^  tnembers  of  the  sci;  community,  have  been 
contending  that  there  is  no  shortage  of  challenging  work 
opixirtunities  for  doctoral  scientists.-’-  .Most  of  those  opixir- 
tunities  are  in  industry  and  some  will  be  in  nonscientific 
specialties,  "wlu're  science  or  engineering  training  is  not 
only  invaluable  but  also  a  grow  ing  concomitant  of  manage¬ 
ment  success  and  industrial  and  govenimenlal  k'adership 
so  necessary  in  this  technological  age"  fWTiite  1991). 

In  the  past,  there  was  considerable  resistance  among 
new  doctoral  scientists  to  employment  in  the  industrial 
sector.- '  Many  in  the  academic  community  held  the  belief 
that  the  most  important  work — basic  research — was  done 
in  a  university  setting,  and  that  only  university  laborato¬ 
ries  could  offer  the  academic  freedom  necessary  to 
explore  new  ideas.  But  the  stereotype  of  industry'  as  a 
place  w'here  only  second-rate  research  is  conducted  has 
been  fading  because: 

♦  'Hie  academic  world  has  become  more  constrained. 
Tire  quest  for  funding  has  become  a  never-tniding 
mission.  Because  funding  is  so  difficult  to  secure,  sci¬ 
entists  may  not  be  able  to  follow  their  own  research 
agenda:  instead,  they  may  be  limited  to  conducting 
research  in  areas  of  interest  to  those  organizations 
willing  to  provide  the  funding  (Barinaga  1992).  (See 
chapter  .b  for  a  discussion  of  the  academic  KiVD  sector.) 


-"Some  physicists  have  foimd  rcwardiriK  work  in  software  enfrineer- 
iiiK.  Itatenl  law.  health  physics,  accounting,  and  many  other  fields.  .'\nd 
malhematicians  are  finding  o|)i)ortunities  in  the  insurance  and  banking 
industries  and  even  in  the  environmental  field  where  "modeling  should 
provide  substantial  opixirtunity  for  applied  mathematicians  for  years  to 
come"  (Seitelniiin  Ulfll),  Alan  Chynoweth,  head  of  research  at  Bellcore, 
told  a  Srifiirr  retnirter  (Fl;mi  IfKIZ)  dial  "  there’s  no  sliortage  of  really 
interesting  work  to  be  done  if  |X‘oi)le  are  willing  to  be  flexiblt-.’’  Most 
physicists  do  find  work  in  iihysics.  although  the  jobs  they  get  may  not 
have  been  their  first  choice. 

'  In  addition,  many  new  doctoral  physicists  and  chemists  are  unpre¬ 
pared  for  jobs  in  indusliy  ,  h.iving  "never  set  foot  in  an  industrial  labora- 
lor>'  (let  alone  a  factory)  ”  (Wealherall  IfrtZ). 
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♦  I'lii'  .tirowiiijr  mimlKT  ol  suc'ct  sstul  iiidustn-iitiivrr- 
sily  collahoratitriis  {Sfr  chaplcr  t)  lias  lu  liK'tl  I'lasc' 
llu‘  aiili-iiuliisln  sii,i;ina  (Htiltlt'ii  1991). 

Salaries 

IiuhisIiT  lias  always  bt-t'ii  inort'  allraclivi'  than 
acadfinia  in  niu'  imiHirtaiil  ifsiuvl — salaiT.  In  all  but  tiiu- 
scu'iitific  tu'ld.  doctoral  salarios  aro  hi.tiluT  in  industi'y 
than  in  acadoinia.  '  (Son  ainKMulix  tablo  il-lb.)  In  tlu- 
19<S()s.  howt'vor,  laculty  salaries  rose  at  a  taster  pace  than 
those  paid  seienlists  workin.^  in  indiisin ,  narrowinj'  the 
K'ai)  between  the  two  pay  levels  (I'inn  1991,  p.  L'7). 

llie  median  salaries  tor  both  doctoral  enj^ineers  and 
doctoral  scientists  workinyr  in  industry  wore  roii^dily  coiniia' 
ruble — STl.  liK)  tor  en,ijineers,  and  .S(i9,(MH)  tor  scii'iUists.  in 
1991.  '  In  the  (laukuiic  sector,  however,  there  is  a  striking,' 
diverytence  betwi-en  the  two  medians.  Hie  median  annual 
sjilary  ol  all  doctoral  en.ijineers  emiiloyed  at  academic  insti¬ 
tutions — ,S(i7,.S(H) — is  siijniricantly  hiyjher  than  the  nu'dian 
salaiy  for  all  >cientists — S,Y),1!(KI.  lliis  Si;i,0(K)-<lilference 
rellects  the  fact  that  in  recent  years  many  univc’Csities  had 
difficulty  recniitin,ii  eiiytineerinyr  faculty  and  therefore  had  to 
offer  salaries  comiH-titivc'  with  those  offered  by  industi'y. 
Only  b  to  7  ix'rcent  of  all  en.cnneers  have  doctoral  deyrme^. 
makinyr  tln>ni  ;i  scarce  commodity — one  much  in  demand  at 
eiiyrinccrinyi-intf'nsive  research  ory,dmi/ations  like  \.Vs.\,  as 
well  cis  on  college  campuses  (l'',ny;ineerin,t;  ManpowtT 
Commission  19f)2b). 

Althoiiyth  tlu'  median  salary  for  all  doctoral  etiKineers  is 
higher  in  industiy  than  in  academia,  that  is  not  the  case  in 
three  eny;ineerinyi  specialties — civil,  materials  science,  and 
nuclear. 

,‘\llhouy;h  faculty  positions  in  several  fields  are  current¬ 
ly  scarce,  demand  for  colleyre  and  university  iirofessors  is 
expected  to  increase  in  tlu'  late  199()s  and  continue  to 
increase  biyond  the  year  2000  because 

♦  colk-yre  enrollment  will  be  risinyr  (a  turnaround  from 
the  currmit  decline)  as  the  offsiirinyr  of  the  baby- 
boom  y;eneralion  n-ach  college  a.iic; 

♦  colleyte  jirofessors  hired  in  the  Ifi.fiOs  and  19(i0s  will  be 
ri-tirinyi,  creatinyi  an  unusually  large  number  of  vacan- 
cii-s  in  academia  and  the  nei'd  to  replace  them;-'' 

♦  the  annual  number  of  i  .s.  citizens  obtaining  doctor¬ 
ates  in  scii'iice  has  not  risen  appreciably  for  the  past 
two  decades,  and  there  are  no  indications  it  will 
increase  in  the  foreseeable  future  (sKs  1992ib). 


'll  is  (illfii  null'd  dial  tlif  dilTcrciuc  lii'twi'fii  111. I),  median  siilaries  in 
iiidnsip.  and  in  aeademia  is  ai  tnally  snialter  dvan  die  dala  indieale.  Hial  is 
bi'eansi'  many  aeadeinieally  em|)liiyed  si  ieiitistsand  eiiKineers  liavefl-or  to 
niondi  eoiitraels;  diey  earn  additional  ineoine  (not  iiieliided  in  die  dala  pri^ 
si-nled  in  diis  eliapler)  Iroin  eonsiillitiK  and  leaeliiiic'  diiiint;  die  summer. 

I  lala  eolleeted  by  die  |■'.ll.l,dneerin},'  Workloree  Commission  show  the 
I!I‘I3  median  salary  for  doetoral  enydneers  workiiiK  in  indiislry  lo  be 
STO.IilK).  (Si'f  appendix  table  ii-d.) 

'  For  example,  in  eliemisiry  depanmeiits  die  iniinber  of  retirinij  profes¬ 
sors  is  . . eled  lo  inerease  Iroin  3.">ll  per  year  in  IddO  lo  d.-io  )H'r  year  by 

tdfi.d  an.  n  lo  l.dil  ix-r  year  in  L'ihhi  dlreiinan.  Itavvis.  and  Ziirer  Idfidl. 


Special  Populations  in  the 
S&E  Workforce 

Kmployers  luive  begun  to  recognize  tlu-  value  in  having 
a  divt-rsified  workforce,  one  in  which  women  and  minori¬ 
ties  are  represented  in  i)roporlions  that  aiiproach  tlieir 
re\)resentation  in  tlu*  total  poinilation.  Hiey  art'  also 
await'  that  tht'  majority  of  nt'w  workforci'  t'litrants  ;ire 
women  and  minoritit's.  riii'ielore,  tht'v  art'  making  it  a 
priority  to  hilt'  more  womt'ii  and  minoritit's  to  fill  whitt'- 
collar  vacancit's  in  their  organizations.  Mt't'ting  their 
goals  for  hiring  womt'ii  and  minorities  has  generally 
lirovt'ii  difficult,  howi'vi'r.-  I'spt'citilly  in  paHicular  occu- 
(lations.  .'X  common  complaint  among  tt'chnical  recniitt'rs 
is  an  inability  to  find  snfficit'iit  numbt'i's  of  women  and 
minoritit's  to  fill  sXl  ixisitions  in  tlu'ir  coni|)anies.  While 
womt'ii  and  minoritit's  havt'  madt'  grt'at  stridt's  in  attt'iid- 
ing  college  and  moving  into  otlu'r  iiroft'ssions  onct'  dom¬ 
inated  almost  I'litirt'K  by  whitt'  mt'ii.  t'.g..  mt'diciiu'.  law. 
and  business,  their  participation  ratt'S  in  I'ligint't'ring  and 
sonu'  of  till'  physical  scit'iict's  still  lag  far  bt'hind  tliost'  of 
while  males  (sks  1992d).  Moreover.  s.ci  iiiiU'lint'  statistics 
(si'e  chapti'i's  1  and  2)  indicate  that  tlu'  number  of  femali' 
and  minority  physical  scientists  and  engint't'i  s  will  not  bt' 
much  largt'i'  in  tht'  fort'st't'abli'  future. 

Women 

'riiirty  years  ago  womt'ii  had  ft'w  cari'er  choices. 
Althou,gh  the  numbt'r  of  women  ac(|uiring  collt',ge 
degrees  iiicreast'd  stt'iidily  during  the  IbfiOs  and  19b0s, 
women's  employmt'iit  opportniiilies  wt'i't'  largely  limitt'd 
to  tt'aching  or  nursing.  Today,  women  htive  an  unlimiti'd 
number  of  carei'r  options.-'  Disproiioriionately  ft'w,  how¬ 
ever,  choose  enginei'ring:  womt'ii  art'  also  midt'i'rt'iire- 
sented  in  sonit'  of  tht'  jiliysical  science  fit'lds,  e.g.,  physics 
and  geology.  {.St'e  “T'aclors  in  l-'t'male  I'ndt'rreprt'- 
seiilatitin"  tor  inftirniiition  on  current  rest'arch  iiitti  tlu' 
reastins  for  wtinu'iTs  undeiTeiireseiitation  in  tlit'St'  llt'kls.) 

In  1992.  just  9  iH'rceiil  tif  i  .s.  t'ngineeriiig  jobs  wert' 
filled  by  wtinien.  In  addititin,  only  K!  iiercent  of  wtirkiiig 
physicists  and  astronomers,  and  1 1  jX'rcent  of  gt'olo.gists, 
were  ft'iiiale.  (See  figure  2-12.)  In  ctintrast,  in  1992.  nt'ar- 
ly  one-third  of  all  lawyers  and  ovt'r  tint'-quarlt'r  tif  all 
physicians  in  the  labor  ftirce  were  women.  "'  Also,  wtimen 


'  lliipiiill  h;is  bet'll  one  of  tile  iilosi  siieeessfiil  i  oiiip;iiiies  in  reeniilint; 
women  ami  niiiiorilies.  Diipoiil's  i;oal — lliat  at  least  10  peireiil  ol  its  new 
(professional  ami  leebnieal)  bires  should  be  wnnieii  ami  iniiiorilit" — 
has  been  exceeded  in  iiiosi  years.  Hie  company  lias  even  been  snccesv. 
fill  in  recniilin,i:enonpli  women  and  minoritii"^  lo  meet  its  lo-perceiit  lar- 
Ki'l  in  filling '".VI  jobs  iMcC'onnick  ld!l3). 

"■'I'nrner  and  I’owen  (ttlOlb.  in  a  sliidy  of  colle.vje  deips'es  awarded  lo 
won;  n.  concimled  that  wiimeii  now  allen(Iin,i;  colle.m'  wbo  oiici'  could 
have  been  expected  to  major  in  leacliin.i;.  now  choose  instead  to  major 
in  business. 

'  '’Hiese  |K'rcenlan<'S  w  ill  climb  steadily  lor  at  least  several  more  years 
tiecanse  women  now  comprise  about  III  pi'iceiit  of  the  stiideiils  enr- 
reiilly  allendint;  nied'cal  school  and  half  of  those  in  law  school. 
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Factors  in  Female  Underrepresentation 


The  literature  is  replete  with  accounts  of  comprehen¬ 
sive  analyses  as  to  why  women  are  underrepresented  in 
engineering  and  some  of  the  physical  sciences.  Most  of 
the  research  points  to  differences  in  the  education*  and 
socialization  of  women,  and  the  lack  of  female  scientists 
and  engineers  as  role  models  as  the  primary  reasons 
women  have  made  so  little  progress  in  these  profes¬ 
sions. 

Unquestionably,  these  are  all  important  factors.  But 
they  do  not  explain  tlie  remarkable  progress  women  have 
made  in  knocking  down  the  barriers  to  entry  in  other  chal¬ 
lenging  professions.  The  best  example  is  the  field  of 
medicine.  Women  have  demonstrated  their  ability  to  meet 
the  rigorous  educational  and  other  requirements  neces¬ 
sary’  to  obtain  medical  degrees  in  numbers  approaching 


have  made  great  gains  in  employment  in  many  of  the 
sciences.  They  now  account  for  40  percent  of  the  bio¬ 
logical  scientists.  ifO  percent  of  the  chemists,  and  near¬ 
ly  ()0  percent  of  the  (isychologists.  (See  appendix  table 

:i-l(i.) 

Women  in  Engineering.  Despite  recetit  progress.-’" 
no  iirofessiot!  exliibits  a  greater  disparity  in  the  etnploy- 
metit  of  meti  and  women  thati  engitieeritig.  .%  recently 
its  1070.  only  (l.'iS  baclielors  degrees  iti  tliis  field  (fewi'r 
thati  1  percent  of  the  total)  were  awarded  to  females. 
Between  1975  ;ind  1985,  (iier<-  was  tremetidous  growth  in 
the  number  of  engineering  baccalaureates  granted  to 
women,  with  the  titimber  of  awards  increasing  from 
k'wer  than  900  in  1975  to  more  than  11.000  in  198.5. 
.‘Mthougli  the  annual  wt/wficr  of  undergraduate  engineer¬ 
ing  di-grees  awardi'd  to  wotneti  fell  slightly  in  the  1990s, 
the  percentage  of  degrees  received  by  wonieti  is  holding 
steady  at  about  Ui  percent.  ’' 

riie  scarcity  of  women  obtaining  engineering  degrees 
is  reflected  in  starting  salary  dat:i;  New  female  eiigitieer- 
ing  graduates  receive  higher  starling  salaries  than  men. 
'Ilie  average  weighted  starting  salary  offer  for  bachelors 
degree  candidates  in  engineering  was  .s;m, 485  for  women. 
com()ared  to  8;f;f,01o  toj-  nien,  in  1995.  ’’ 

Higher  starting  salarii’s  notwithstanding,  a  gaii  begins 
to  aiipear  after  several  years  of  exiierience  are  acquired. 


'  (the  l  arlic’sl  year  lor  wliieli  i oiiiparalrle  dala  arc  avail- 

al)le)  and  fUL’.  die  percenlac’''  "I  woiiien  enniiieers  in  die  worklorcc 
inereaM'd  Iroin  .’i.P  pen  enl  lo  S,7  percent. 

I-.iijiineeriny'  Worklorce  Coinini'i'iion  (IPdd).  Aldionydi  die  niniiber 
of  liaclielors  decrees  in  en.c'ineeriip;  awarded  to  women  tell  slijililly  in 
die  IdtKK.  Ilie  nnniber  of  j'radnale  de«iees  liai  coiilinned  lo  rise. 
( Iveralt.  inasteis  and  doelorale  awards  in  eii.cineerin.i;  increased  (i.7  per 
ceiil  and  d.S  pen  eiil,  re'.pei'lively.  Iroin  ItldO  lo  Idtl’d.  .\wards  lo  wcmieii 
in  dlese  two  calei;ories.  bowi  ver.  increased  l.'i.  I  iiercent  and  Itl.O  iier- 
l  eiil.  rc'.piM  ly,  diirini:  die  ■-anie  period. 

Oerivi  .i  ,n  ll.eC  iplli  ije  I’laci'inenl  1,  oinicil''  I'.idd  Salarc  Survey. 


those  of  men.  For  example,  in  1992,  5.500  women  earned 
medical  degrees;  in  that  same  year,  only  80  i  .s.  women 
were  awarded  doc't orates  in  physics  (SRS  1993b). 

One  of  the  reasons  qualified  women  and  men  are 
choosing  careers  in  medicine  (and  law  and  business) 
over  those  in  science  and  engineering  is  obvious — 
salaries  are  higher.  In  addition,  some  researchers  have 
been  digging  deeper,  searching  for  other  clues.  Some 
of  the  most  promising  inquiries  in  this  area  appear  to  be 
those  scnitinizing  the  image  of  science  and  engineer¬ 
ing  as  portrayed  in  the  media  and  other  fomis  of  popu¬ 
lar  culture  (see  Augustine  1991). 

'For  example.  V'elter  (1990)  sees  lack  of  preparation  and  profi¬ 
ciency  in  mathemalics  as  tlie  single  most  important  barrier  preclud¬ 
ing  women  from  engineering  careers. 


Figure  3-12. 

Employed  wage  and  salary  workers  who  usually 
work  full  time,  by  occupation  and  sex 


Thousands  of  workers 

See  appendix  table  3-16.  Science  S  Engineering  Indicators  ~  1993 


Men’s  salaries  continue  to  increase  with  years  of  exiieri- 
ence,  but  women's  reach  a  plateau.  Hie  chief  explanation 
for  this  widening  ga])  is  that  significantly  more  men  are 
promoted  to  managerial  positions  than  women.  '.lust  15.3 
percent  of  female  engineers  held  management  positions  in 
198(j.  eonniared  lo  35.5  percent  of  male  engineers  (sks 


A  nuinl)t*r  of  run'iif  ^Indies  liavu  douniiUTifud  (he  UfidurTcfirusufUa- 
tioii  of  woniun  in  I’orporalu  inanaKuinmi,  Sue  ). 
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Figure  3-13. 

Bachelors  degrees  ir)  engineering,  by  sex:  1992 


n  =  53,681 


Source:  Engineering  Workforce  Commission.  "Women  in  Engineering," 
Engineering  Workforce  Bulletin  No.  125.  May  1993 
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1990)  The  difference  in  the  percentages  of  men  and 
women  engineers  in  management  is  in  large  part  attributable 

"American  Chemical  Society  data  also  show  that  as  male  chemists 
acquire  more  experience,  they  are  far  more  likely  than  females  with  sim¬ 
ilar  years  of  experience  to  go  into  management.  In  addition,  these  data 
show  that  women  have  not  made  any  progress  in  moving  into  K&l>  man¬ 
agement  positions.  In  1990,  7  percent  of  female  chemists  in  industry 
were  K,*  managers,  the  same  percentage  recorded  10  years  earlier 
(Hilema  .d  Rawls  19tll), 


to  the  fact  that  female  engineers  are  usually  younger  and  less 
experienced  than  their  male  counterparts. 

Additionally,  women  and  men  are  distributed  different¬ 
ly  among  engineering  specialties,  as  indicated  by  bache¬ 
lors  degree  awards.*'’  (See  figure  3-13.)  Electrical  and 
mechanical  engineering  are  chosen  most  often  by  both 
men  and  women.  Women,  however,  are  more  likely  to 
specialize  in  industrial  and  chemical  engineering,  while 
men  are  more  likely  to  pick  civil,  computer,  and 
aerospace  engineering. 

Women  in  Academia.  Female  scientists  and  engi¬ 
neers  hold  fewer  tenured  positions  at  universities  than 
their  male  counterparts.  In  1990/91,  only  17  percent  of 
the  full-time  female  faculty  in  f.s.  colleges  were  full  pro¬ 
fessors,  compared  to  44  percent  of  the  male  professors 
(Brush  1991,  p.  411,  and  Ehrenberg  1991).  The  numbers 
for  the  natural  sciences  and  engineering  are  even  lower. 
In  1989,  there  were  61,000  full  professors  in  the  natural 
sciences  and  engineering  in  the  United  States,  of  which 
only  3,800  were  women  (srs  1992d). 

Women  comprised  18,8  percent  of  the  doctoral  s&E 
workforce  in  1991.  (See  text  table  3-5.)  While  women  are 
well-represented  in  psychology  and  fairly  well-represent¬ 
ed  in  the  social  and  life  sciences,  they  accounted  for  only 
3.4  percent  of  all  doctoral  engineers  in  1991.  Of  all  aca¬ 
demic  fields,  engineering  has  the  lowest  proportion  of 
women  with  Ph.D.  degrees. 


Like  women,  members  of  the  two  largest  minority 
groups  in  the  United  States — blacks  and  Hispanics — are 
underrepresented  in  the  s&K  workforce.  In  contrast, 
Asians — the  third  largest  minority  group — make  up  a 
larger  share  of  the  s&K  workforce  than  their  representa¬ 
tion  in  the  total  population. 

Blacks  are  underrepresented  in  many  professional  spe¬ 
cialty  occupations.  Nowhere  is  this  more  evident  than  in 
science  and  engineering.  (See  appendix  table  3-17.)  Al¬ 
though  blacks  comprised  about  11  percent  of  the  total  r..s. 
workforce  and  8  percent  of  all  those  in  professional  spe¬ 
cialty  occupations  in  1992,  only  4  percent  of  employed 
engineers  and  2.7  percent  of  the  natural  scientists  were 
black.  (See  figure  3-14.)  Their  representation  in  mathe¬ 
matical  and  computer  science  occupations  was  somewhat 
higher  at  7. 1  percent.  Although  some  progress  has  been 
made  over  the  past  decade — e.g.,  the  proportion  of  black 
engineers  in  the  workforce  rose  from  2.6  percent  in  1983 


■’•'Also  blamt'd  for  thf  dearth  of  female  engineers  in  management  are 
various  socialization  factors — e.g.,  women  are  less  concerned  with 
work,  are  not  driven  by  a  desire  for  high-status  positions  or  promotions, 
and  are  only  working  until  they  raise  a  family  (See  Vetter  1992a). 

“AVomen's  particular  choices  in  engineering  provide  support  for  the 
supposition  that  women  are  more  likely  than  men  to  seU>ct  s&i;  fields  that 
have  more  bearing  on  the  well-being  of  humans  and  their  quality  of  life. 
Similarly,  in  the  natural  sidences.  women  are  more  highly  represented  in 
the  lile  sciences  than  in  the  physical  sciences  (Baignee  1990,  pp.  7-9). 


Minorities 
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Text  table  3-5. 

Female  and  minority  proportions  of  doctoral  science  and  engineering  workforce,  by  degree  field:  1991 


Female 

Proportion  ol  science  &  engineering  workforce 

Native 

Black  Asian  American 

Hispanic 

Total  science  and  engineering  .... 

.  . .  18.8 

2.1 

9.8 

0.2 

1.8 

Sciences . 

...  21.7 

2.2 

7.3 

0.2 

1.8 

Physical  sciences . 

...  8.9 

1.1 

11.3 

0.1 

1.7 

Mathematics . 

.  .  .  10.2 

1.1 

10.7 

0.1 

2.2 

Computer  sciences . 

...  11.8 

0.5 

20.3 

0.1 

1..’ 

Environmental  sciences . 

9.6 

0.2 

5.3 

0.2 

1.0 

Life  sciences . 

.  .  .  24.0 

1.9 

7.8 

0.2 

1.6 

Psychology . 

.  .  .  38.1 

3.1 

1.6 

0.2 

2.0 

Social  sciences . 

.  .  .  23.9 

4.2 

5.6 

0.2 

2.1 

Engineering . 

3.4 

1.2 

23.1 

0.2 

1.9 

Aeronautical/astronautical . 

...  2.0 

1.4 

19.3 

* 

1.5 

Chemical . 

3.7 

0.8 

24.4 

* 

1.2 

Civil . 

...  3.6 

2.4 

23.0 

0.2 

2.0 

Electrical/electronic . 

2.5 

1.3 

23.3 

0.1 

1.9 

Materials . 

6.0 

0.9 

25.2 

0.2 

3.0 

Mechanical . 

2.1 

1.4 

26.7 

0.1 

2.0 

Nuclear . 

...  2.8 

0.3 

18.8 

* 

2.8 

Systems  design . 

.  .  .  13.4 

5.8 

15.8 

* 

4.3 

Other  engineering . 

3.2 

0.3 

20.9 

0.4 

1.5 

NOTE-  •  =  no  cases  reported. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Characteristics  ol  Doctoral  Scientists  and  Engineers:  1991  (Washington,  DC: 
NSF,  forthcoming). 
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to  4  percent  in  1992,  and  the  percentage  of  mathematical 
and  computer  scientists  increased  from  5.2  to  7.1  per¬ 
cent — their  representation  among  natural  scientists  actu¬ 
ally  declined,  dropping  from  3.1  percent  to  2.7  percent 
during  this  period. 

Employment  of  Hispanics  in  s&e  occupations  shows  a 
similar  degree  of  underrepresentation,  one  that  is  per¬ 
haps  even  more  severe  in  the  case  of  professional  spe¬ 
cialty  occupations  in  general.  However,  Hispanic  repre¬ 
sentation  in  all  three  s&f;  categories — engineering,  math¬ 
ematical  and  computer  science,  and  natural  science — 
increased  between  1983  and  1992. 

There  are  some  positive  trends.  The  production  of 
minority  engineering  graduates  has  been  increasing 
steadily.  Data  from  the  Engineering  Workforce 
Commission  show  the  percentage  of  bachelors  degrees 
in  engineering  awarded  to 

♦  blacks  increasing  from  fewer  than  1  percent  in  1970 
to  nearly  4  percent  in  1991,  and 

♦  Hispanic  graduates  (of  domestic  institutions)  increas¬ 
ing  from  1.8  percent  in  1973  to  3.6  percent  in  1991. 

Doctoral  statistics  in  engineering  remain  an  area  of 
concern.  Unlike  Hispanics,  blacks  have  made  almost  no 
progres  i  the  past  decade  toward  increasing  their  rep¬ 


resentation  among  Ph.D.-holding  natural  scientists  and 
engineers.  Blacks  earned  only  1.3  percent  of  the  doctor¬ 
ates  awarded  in  the  natural  sciences  and  engineering  in 
1990;  this  was  about  the  same  percentage  as  their  pro¬ 
portion  in  1980.  In  contrast,  the  number  of  Hispanics 
earning  doctoral  degrees  more  than  doubled.  The  pro¬ 
portion  of  all  doctoral  degrees  awarded  to  Hispanics  rose 
from  just  over  1  percent  in  1980  to  2.7  percent  in  1990. 

Doctoral  workforce  statistics  are  similar.  Only  1.5  per¬ 
cent  of  the  doctorate-holding  natural  scientists,  and  1.2 
percent  of  the  doctoral  engineers,  working  in  the  United 
States  in  1991  were  black.  (See  text  table  3-5.)  Hispanics 
accounted  for  slightly  higher  proportions — 1.7  percent 
and  1.9  percent,  respectively.  In  contrast,  9.8  percent  of 
doctorate-holding  natural  scientists  and  23  percent  of  doc¬ 
torate-holding  engineers  working  in  the  United  States  in 
1991  were  of  Asian  origin. 

The  scarcity  of  black  and  Hispanic  scientists  and  engi¬ 
neers  has  made  them  a  much  sought-after  group  of  poten¬ 
tial  employees.  Despite  the  slowdown  in  recruiting  activi¬ 
ty  in  the  1990s,  a  recent  survey  revealed  that  employers 
consider  diversifying  their  workforces  and  the  availability 
of  minority  candidates  in  technical  specialties  to  be 
among  their  major  concerns  (College  Placement  Council 
1991).  Graduating  Engineer,  a  journal  that  monitors  job 
prospects  for  minority  engineering  candidates,  deter- 
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Figure  3-14. 

Representation  of  minorities  in  the  science  and 
engineering  latx>r  force:  1992 


Natural  scientists 

N  =  402,000 


Math  and  computer  scientists 

N  =  861 ,000 


Engineers 

N  =  1,594,000 


See  appendix  table  3-17.  Science  S  Engineering  Indicators  -  1993 


mined  that  minority  students  have  a  slight,  but  definite, 
edge  over  their  nonminority,  male  counterparts  in  com¬ 
peting  for  engineering  jobs  (I^w  1992) . 

Immigrant  Scientists  and  Engineers 

Immigrant  scientists  and  engineers  have  always  been 
a  crucial  component  of  the  s&K  workforce  in  the  United 
States.  In  1992,  nearly  23,000  scientists  and  engineers 
immigrated  to  the  United  States,  62  percent  more  than 
in  1991.  The  1992  increase  is  probably  due  to  enactment 
of  the  Ir  -gration  Act  of  1990,  which  nearly  tripled  the 


number  of  employment-based  visas  that  can  be  issued 
annually. 

Regions  of  Origin.  Most  of  the  s<XrK  immigrants  admit¬ 
ted  in  1992  were  bom  in  the  P'ar  East,  primarily  India 
(3,600).  China  (3,100),  and  Taiwan  (2,4(K)).  Also,  Poland, 
the  United  Kingdom,  the  Philippines,  the  newly  indepen¬ 
dent  states  of  the  former  Soviet  Union,  Hong  Kong,  Iran, 
and  Canada  each  accounted  for  at  least  5(X)  of  the  scien¬ 
tists  and  engineers  who  immigrated  to  the  United  States 
in  1992.  (See  appendix  table  3-18.) 

The  annual  number  of  s&k  immigrants  admitted  to 
the  United  States  during  the  1980s  ranged  between 
9,500  and  13,000.  During  the  1970s  and  1980s,  there 
was  only  minor,  gradual  shifting  in  the  shares  of  immi¬ 
grants  from  various  regions  of  the  world.  The  propor¬ 
tions  of  immigrants  born  in  Western  Europe,  the  Near 
and  Middle  East,  and  the  Western  Hemisphere  rose 
slightly:  while  the  proportion  born  in  the  Far  East 
declined  from  52  percent  in  1976  to  about  43  percent  in 
1990.  (See  figure  3-15.) 

After  1990,  however,  there  were  some  dramatic 
changes  in  the  proportions  of  s&k  immigrants  from  the 
various  world  regions: 

♦  The  share  of  s&K  immigrants  from  countries  in  the 
Far  East  increased  from  43  percent  in  1990  to  55  per¬ 
cent  in  1992. 


Figure  3-15. 

Immigrant  scientists  and  engineers, 
by  region  of  birth 


1962  1984  1988  1990  1992 

See  appendix  table  3-18.  science  4  Engineering  Inr^lors  -  1993 
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Text  table  3-6. 

Scientists  and  engineers  from  the  former  Soviet  Union  admitted  to  the  United  States  on  permanent  visas 


1982 

1983 

1984 

1985 

1987 

1989 

1990 

1991 

1992 

Total  scientists  and  engineers 

768 

255 

189 

125 

116 

440 

646 

1,561 

826 

Engineers . 

562 

204 

148 

90 

79 

351 

479 

1,253 

588 

Math,  scientists  &  computer  spec . 

112 

17 

11 

6 

7 

23 

96 

102 

83 

Natural  scientists . 

67 

29 

19 

19 

17 

40 

40 

118 

104 

Social  scientists . 

27 

5 

11 

10 

13 

26 

31 

88 

51 

SOURCE:  Immigration  and  Naturalization  Service,  unpublished  tabulations  by  Science  Resources  Studies  Division.  National  Science  Foundation. 
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♦  riic  propoftioii  I'roin  Central  and  Eastern  Europe 
increased  from  IL'  i)ercent  in  U)90  to  18  percent  in 

1991,  but  then  droijped  back  down  to  12  percent  in 

1992.  The  1991  increase  was  caused  Ijy  an  unprece¬ 
dented  number — l..')(il — of  scientists  and  engi¬ 
neers  I'lnigrating  from  the  former  Soviet  (.’nion.  (See 
text  table  d-b). 

♦  The  shart'  of  sM.  immigration  re|)resented  l)y  each 
of  the  other  regions — UV’.'i/cn;  Europe,  the  Near  and 
Middle  East.  Africa,  and  the  Western  Hemisphere — 
fell  during  the  1990s. 

Fields  of  Employment.  Aniuiall.v.  two-thirds  to  three- 
ciuarters  of  the  swt:  immigrants  admitted  to  the  Tnited 
States  an*  engineers.  (See  figure  d-Ki.)  In  1992.  15  per¬ 
cent  were  mathematicians  or  computer  specialists.  12 
percent  were  natunil  scientists,  and  5  percent  were  social 
scientists. 

I'oreign-born  engineers  tire  particularly  (trevtilent  on 
(  .s.  college  campuses  (where  many  of  them  earned  their 
doctorates).  Many  of  these  immigrants  are  teaching, 
thereby  helping  ease  a  shortage  of  engineering  faculty 
caused  by  a  decline  in  the  number  of  i  .s.  citizens  who  pur¬ 
sued  engineering  doctoral  degrees  in  the  previous 
decade.  Certain  engineering  jobs  in  i  .s.  industrial  firms — 
those  with  a  Pentagon  connection — require  i  .s.  citizen¬ 
ship,  so  many  immigrants  have  an  easier  time  finding  jobs 
on  college  campuses.  Without  these  immigrants,  some 
engineering  schools  would  have  had  difficulty  surviving 
(see  Barber  and  Morgan  19iS7,  1988).  But  there  is  a  down¬ 
side  to  the  increasingly  foreign  makeup  of  many  engi¬ 
neering  deitartments:  Rejtorts  of  language  (see  Barber, 
Morgan,  and  Torstrick  1987)  and  cultural  barriers  have 
surfaced,  the  latter  leading  to  charges  of  insensitivity 
toward  women  and  minoriti<*s  (.see  Vetter  1992a).  'lliere  is 
also  the  view  held  by  some  labor  market  economists  that 
easy  access  of  foreign  nationals  to  r.s.  college  campuses 
lets  the  I'nited  States  continue  to  ignore  its  responsibility 
to  develoi)  science  and  engineering  talent  among  women 
and  underre|)res<“nted  minorities  (Bergmann  1992). 

Few  would  disagree  that  immigrants  with  doctorates  in 
enginee  ;  are  making  a  valuable  contribution  to  the  I  .s. 


economy  and  that  without  them,  i  .s.  educational  institu¬ 
tions'  engineering  departments  would  face  a  serious 
dilemma.  Tliere  is  less  consensus  on  the  immigration  of 
engineers;  efforts  to  increase  immigration  are  sometimes 
seen  as  a  means  of  keeping  wages  do'ia'ssed  (Engi¬ 
neering  Manpower  Commission  1991b).  There  is  also 
concern  about  the  economic  consequences  of  the  "brain 
drain"  on  both  developed  and  developing  countries. 
'Htere  is  some  evidence  that  an  increasing  number  of  for¬ 
eign  nationals — c'specially  those  from  Taiwan  and  South 
Korea — are  retuniing  to  their  home  countries  (see  chap¬ 
ter  2  and  SRS  1992a). 


Figure  3-16. 

Scientists  and  engineers  admitted  to  the 
United  States  on  permanent  visas 
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International  Comparisons 

A  country's  employment  of  scientists  and  engineers  is 
a  significant  indicator  of  its  level  of  effort  in.  and  relative 
national  priority  for,  science  and  technology.  Inter¬ 
national  comparisons  are  complicated,  however,  by  dif¬ 
ferences  in  countries'  definitions  of  specific  jobs  and  in 
methods  of  data  collection  and  estimation.  Still,  interna¬ 
tional  employment  data  provide  insight  into  the  relative 
strengths  of  s&K  workforces  globally.  This  section  pre¬ 
sents  data  and  limited  comparisons  on  the  s&k  workforce 
in  Canada,  France,  Germany,'"  Italy,  Japan,  Sweden,  the 
United  Kingdom,  and  the  United  States. 

S&E  Employment  as  a  Proportion  of  the 
Labor  Force 

More  nonacademic  scientists  and  engineers  are 
employed  in  the  United  States — 3.5  million — than  in  any 
other  major  industrialized  country.  Japan  ranks  a  distant 
second  with  2.3  million  nonacademic  scientists  and  engi¬ 
neers.  (See  appendbc  table  3-19.)  Until  recently,  the 
United  States  also  had  the  highest  proportion  of  its  labor 
force  employed  as  scientists  or  engineers — 328  per 
10,000  workers  in  1986.  More  recent  data,  however,  show 
the  I’.s.  ratio  at  298 — below  that  for  Sweden  (522),  Japan 
(380),  and  the  United  Kingdom  (328). 

Employment  of  Women 

The  United  States  has  had  more  success  than  the  other 
industrialized  countries  studied  in  attracting  women  into 
the  nonacademic  s&e  workforce.  (See  appendix  table  3- 
19.)  It  has  the  highest  proportion  of  female  scientists  in 
the  labor  force  (54  per  10,000  workers).  Canada  ranks 
second  with  48,  followed  by  Sweden  (43),  France  (36), 
and  the  United  Kingdom  (32).  Among  these  countries, 
the  United  States  has  the  second  highest  proportion  of 
female  engineers  (13  per  10,000  workers);  Sweden  has  a 
higher  ratio  of  female  engineers — 16,  Although  women 
are  vastly  underrepresented  in  engineering  in  all  indus¬ 
trialized  nations,  their  numbers  have  been  increasing. 
For  example,  in  the  United  States,  the  ratio  of  female 
engineers  per  10,000  workers  rose  from  8  in  1986  to  13  in 
1992.  In  Japan,  it  rose  from  3  in  1985  to  8  in  1990."** 

Employment  by  Sector 

In  five  of  seven  major  industrialized  countries,""  the 
services  sector  is  the  leading  employer  of  scientists. 
Germany*"  and  the  United  Kingdom  are  the  exceptions — 
in  both  countries,  the  manufacturing  sector  employs  the 


’’German  data  in  this  section  are  for  the  former  West  Germany  only. 
’“Center  for  International  Studies,  i  .s.  Census  Bureau,  and  unpub¬ 
lished  NSF  data. 

”The  c'  -'oarison  in  this  section  does  no!  include  Italy. 

'"Gem  lata  in  this  section  are  for  the  former  West  Germany  only. 


largest  number  of  such  scientists.  'Hie  manufacturing 
sector  is  the  second  largest  employer  of  scientists  in  the 
other  five  countries.  In  the  L'nited  States,  the  government 
sector  employs  the  third  highest  number  of  nonacademic 
scientists.  (See  appendix  table  3-20.) 

The  manufacturing  sector  was  the  largest  employer  of 
nonacademic  engineers  in  six  of  the  seven  countries  com¬ 
pared.  ITte  proportions  ranged  from  31  percent  in  Canada 
to  nearly  half  in  .Sweden,  the  United  Kingdom,  and  the 
United  States.  In  Japan,  however,  more  engineers  are 
employed  in  the  services  sector  than  in  manufacturing. 

Across  all  countries,  engineers  considerably  outnum¬ 
ber  scientists  in  manufacturing.  (See  appendix  table  3- 
21.)  By  occupation,  industrial/mechanical  engineers  con¬ 
stituted  at  least  half  of  the  s&i;  manufacturing  workforce 
in  the  United  States,  the  United  Kingdom,  and  Sweden. 
The  proportion  of  these  engineers  was  also  high  in 
France,  Germany,  and  Canada,  where  they  accounted  for 
between  41  and  43  percent  of  all  scientists  and  engineers 
employed  in  manufacturing. 

The  distribution  of  the  Japanese  Siyic  manufacturing 
workforce  differs  from  that  of  the  other  countries.  In 
Japan,  the  largest  proportion  of  its  s&i-;  manufacturing 
workforce  was  civil  engineers  (32  percent).  (P'or  all  other 
countries,  except  Germany,  civil  engineers  accounted  for 
no  more  than  5  percent  of  the  manufacturing  s&i; 


Figure  3-17. 

Ratio  of  R&D  scientists  and  engineers  per  10,000 
workers  in  the  generai  iabor  force,  by  country 

Ratio 


NOTE:  German  data  are  for  the  former  West  Germany  only. 

See  appendix  table  3-22.  Science  S  Engineering  Indicators  -  1993 


Science  &  Engineering  Indicators  -  1993 


*  85 


workforce.)  Japan  had  the  smallest  proportion  of  natu¬ 
ral  scientists  (4  percent)  employed  in  manufacturing. 

R&O  Employment 

The  United  States  had  more  Fn-;  scientists  and  engineers 
engaged  in  R&i)  in  1989  than  did  Japan,  (lemiany,  France, 
the  United  Kingdom,  Italy,  and  Sweden  combined.  (St'e 


appc'iulix  table  :f-22.)  In  fact  the  United  States  had  twice  as 
many  fesiD  scientists  and  engineers  as  Japan  and  about  five 
times  as  many  as  Uermany.  As  a  proportion  of  the  labor 
force,  however.  Japan  now  has  approximately  the  same  con¬ 
centration  of  Ki'ii)  scientists  and  engineers  as  does  the 
United  States.  Japan's  1990  ratio  of  R\:i)  scientists  and  engi¬ 
neers  per  lO.tXX)  labor  forct* — 7.5.6 — was  exactly  the  same 
as  the  1989  t  .s.  ratio.  (See  figure  3-17.) 
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HIGHLIGHTS 


Nationai.  Trends 

♦  Continued  slow  "rowth  is  indicated  for  the 
Nation’s  R&U  investments,  i  .s.  support  for  Riitu 
grew  at  an  estimated  average  annual  constant  dollar 
rate  of  0.9  percent  between  1985  and  1993,  or  one- 
sixth  the  5.3-percent  rate  for  the  197.5-85  period. 
Total  Ri'il)  expenditures  reached  an  estimated  $161 
billion  in  1993,  or  2.6  percent  of  gross  domestic  prod¬ 
uct  ((;np). 

♦  The  United  States  leads  all  other  countries  in 
terms  of  the  amount  spent  on  R&D.  Although  the 
United  States  spent  11  percent  more  on  total  K&D  in 
1991  than  did  Japan,  the  former  West  Germany,  and 
P'rance  combined,  these  three  countries  collectively 
spent  17  percent  more  on  nondefense  R&o.  However, 
only  in  Japan  has  nondefense  R&D  grown  notably 
faster  than  in  the  United  States  since  the  early  1980s. 

♦  There  has  been  a  worldwide  slowing  in  R&D 
funding  growth  since  the  late  1980s.  Sluggish 
R&D  growth — and  even  decline — is  recently  indicated 
for  each  of  the  seven  major  research-intensive  indus¬ 
trialized  countries. 

♦  The  Federal  Government  provides  a  decreasing 
fraction  of  u.s.  R&D  support.  The  federal  share  of 
the  Nation’s  R&D  funding  total  edged  downward  from 
46  percent  in  1985  to  an  estimated  42  percent  in  1993. 
Industry’s  share  of  total  increased  slightly  during  this 
period,  from  51  to  52  percent.  The  combined  share  of 
state  government,  university,  and  nonprofit  support 
grew  from  3  to  6  percent. 

♦  Universities  account  for  an  increasing  propor¬ 
tion  of  li.S.  R&D  performance.  The  share  of  all  R&D 
that  was  conducted  in  academic  institutions — excluding 
associated  federally  funded  R&D  centers  (FFRDCs) — 
grew  from  9  percent  in  1985  to  13  percent  in  1993. 
Industrial  firms’  R&D  performance  share  fell  from  72 
to  68  percent  over  the  same  period.  R&D  undertaken 
in  federal  agencies’  intramural  labs  and  all  ffrdCs 
combined  annually  accounted  for  16  to  17  percent  of 
the  t'..s.  total. 

♦  The  character  of  R&D  activities  is  shifting. 

Development  declined  from  65  percent  in  1985  to  an 
estimated  59  percent  in  1993  as  a  proportion  of  the 
Nation’s  R&D  total.  Applied  research  grew  from  22  to 
25  percent,  and  basic  research  increased  from  13  to 
16  percent.  The  increasing  complexity  and  interrelat¬ 
edness  of  R&D  activities  may  make  these  conceptual 
distinctions  less  useful  in  the  current  research  envi¬ 
ronment  than  they  had  been  previously. 


♦  Health  accounts  for  a  rapidly  growing  share  of 
the  Nation’s  total  R&D  investment.  Jlie  National 
Institutes  of  Health  (.MH)  estimates  that  about  18  per¬ 
cent  of  combined  federal,  state,  and  local  government 
R&D  support  is  health-related,  and  that  most  of  it  is 
provided  by  NIH.  Similarly,  about  18  percent  of  all  pri¬ 
vately  funded  R&D  is  health-related.  Health’s  share  of 
the  Nation's  R&D  total  was  about  12  percent  in  1985. 

♦  The  state  distribution  of  R&D  performance  is 
highly  concentrated  and  relatively  stable.  R&D 

carried  out  in  10  States  accounted  for  67  percent  of 
the  1991  f.s.  expenditure  total.  California  alone 
accounted  for  a  20-percent  share.  This  geographic 
concentration  is  not  new;  in  197.5,  these  same  10 
States  represented  64  percent  of  the  R&D  performed 
nationwide. 

Federal  Trends 

4  u.s.  Government  R&D  funding  priorities  are 
shifting.  Defense  accounts  for  59  percent  of  the  esti¬ 
mated  1994  federal  R&D  effort,  down  from  its  69-per¬ 
cent  peak  share  of  1987.  Most  federal  growth  since 
then  has  been  in  health  research — much  of  it  .AlDS- 
related — and  space  research,  primarily  for  Space 
Station  Freedom.  Since  1990,  considerable  growth  is 
indicated  for  the  industry-related  applied  research 
programs  of  the  Department  of  Commerce  and  for 
university-performed  basic  research  funded  by  the 
National  Science  Foundation. 

♦  Federal  research  support  is  concentrated  in 
particular  fields  of  science.  F'unding  for  the  life 
sciences  dominates  federal  basic  research  totals  (46 
percent  in  1993)  and  has  grown  steadily  since  the 
early  1980s.  One-third  of  federal  applied  research 
support  is  for  the  life  sciences  and  one-third  for  engi¬ 
neering.  primarily  aeronautical. 

4  Individual  investigators  receive  a  slightly  small¬ 
er  share  of  federal  civilian  academic  research 
support  than  in  the  past.  From  1980  to  1989,  the 
share  of  such  funds  going  to  individual  investigators 
declined  from  56  to  51  percent.  The  proportion  of  fed¬ 
eral  nondefense  academic  support  that  funds  research 
teams  and  major  facilities  increased  somewhat. 

4  Federal  R&D  support  is  increasingly  tied  to  spe¬ 
cific  multi-agency  initiatives.  As  part  of  an  overall 
strategy  to  use  science  and  technology  to  achieve 
national  goals,  the  1994  budget  targeted  $12.5  billion 
for  six  presidential  initiatives,  ranging  from  global 
environmental  change  research  to  science  and  math 
education. 


Science  S  Engineering  Indicators  -  1993 


«  6b 


♦  Considerable  change  is  under  way  in  the 
Department  of  Defense  (DOD)  post-Cold  War 
budgetary  plans.  K\l)  accounts  for  14  percent  ($:18 
billion)  of  DOD's  estimated  total  1994  outlays  (S269 
billion),  up  from  its  lO-percent  share  (,81,4  billion  of 
the  ,8132  billion  DOI)  total)  at  the  beginning  of  the 
defense  buildup  in  1980.  In  DOD’s  new  Science  and 
Technology  Program,  government  Ri^LD  is  empha¬ 
sized  as  a  way  to  maintain  the  Nation’s  defense  tech¬ 
nology  base.  DOD  has  relaxed  its  criteria  defining 
those  industry  independent  Ki.<:D  projects  that  it  will 
reimburse.  Additionally,  DOD  is  funding  out  of  its  R&D 
budget  a  multi-agency  defense  conversion  program 
to  bolster  economic  competitiveness  and  promote 
dual-use  technologies. 

Industry  Trends 

♦  Direct  federal  R&D  support  to  industry  is  highly 
concentrated  and  occasionally  targeted.  Federal 
funds  account  for  just  one-fourth  of  the  money  used 
for  industrial  R&D  performance;  aerospace  and  com¬ 
munication  equipment  firms  receive  76  percent  of 
this  federal  support  total.  Federal  agencies  also  pro¬ 
vided  one-third  of  the  R&D  funds  used  by  nonmanu¬ 
facturing  industries  in  1991.  Moreover,  during  the 
past  decade,  more  than  $3  billion  in  federal  R&D  sup¬ 
port  has  been  awarded  to  small  businesses  through 
the  Small  Business  Innovation  Research  program. 

♦  Considerable  indirect  federal  R&D  support  is 
provided  to  industry.  Since  1981,  more  than  $20 
billion  has  been  provided  to  industry  through  tax 
credits  on  incremental  research  and  experimentation 
expenditures. 


Introduction 

Chapter  Background 

The  United  States  spent  an  estimated  $161  billion  on 
research  and  development  (R&D)  activities  in  1993.'  This 
investment  in  the  discovery  of  new  knowledge — and  in 
fhe  application  of  knowledge  to  the  development  of  new 
and  improved  products,  processes,  and  services — was 


''nir()uj;lit)iit  this  chaplt-r.  I'lirrcnl  I'lindins;  or  cxiH-nditiin'  data  arc 
presented  in  nominal  dollars.  In  keepin.s;  with  l  .s.  Ciovernment  .and 
international  standards.  R\l>  trend  data  nstially  are  dellated  to  l‘)S7 
eonstatit  dollars  usiiiK  the  (.IiP  itnplieit  price  deflator  and  are  so  indicat¬ 
ed.  (See  appendix  table  t-1.)  Sitice  (,I)t'  di-llators  are  calculated  on  an 
ecottomy-wide  rather  thati  K.vti-specific  htisis,  their  use  tnore  accurate¬ 
ly  reflects  an  "opportunity  cost"  criterion,  rather  thtut  ;i  measure  of 
cost  changes  in  doint;  research,  nie  constiint  dolltir  figures  reported 
here  thus  should  he  int<‘rpreted  :is  real  resources  forcKone  in  eitK.aj;- 
in>j  in  HAD  rather  than  in  othi-r  activities  such  as  cotistimption  or  physi¬ 
cal  investtm-nt.  Droad-based  deflators — such  as  the  (, tit’ deflator — are. 
however,  cpiite  useful  in  aiiliroximaiiiiK'  chiiiiKes  itt  ayrKrejiate  K.vl) 
costs  IJanke  '  IftfH!).  nn  y  are  undotthiedly  much  lrs.c  tippropriate 
for  calcidaiitiK  -  al  tt.cti  I'Xpeiiditures  at  a  tnore  disayytreyrated  level. 


♦  Federal  labs  are  accelerating  efforts  to  help 
industry  make  commercial  use  of  their 
research.  Over  1..500  cooperative  agreements  have 
been  negotiated  between  federal  labs  and  industry 
since  1987,  and  the  number  of  licensing  agreements 
has  more  than  doubled.  Also,  the  Nation’s  large 
weapons  labs  have  incorporated  civilian  technology 
transfer  activities  into  their  mission  goals. 

♦  Industry  is  expanding  its  use  of  domestic  research 
collaboration.  The  number  of  university-industry 
research  centers  has  grown  rapidly  during  the  past 
decade.  An  estimated  1,058  centers  were  in  existence 
in  1990.  More  than  3.50  multi-firm  cooperative  research 
ventures,  including  R&D  consortia,  have  been  regis¬ 
tered  nationwide  since  1985. 

♦  Industry’s  use  of  international  research  partner¬ 
ships  is  expanding.  The  number  of  known  interna¬ 
tional  multi-firm  R&D  alliances  grew  from  about  2.50 
in  the  1970s  to  almost  1..500  in  the  198()s. 

♦  The  internationalization  of  industrial  R&D  activi¬ 
ties  is  intensifying.  In  1991,  the  overseas  R&D 
investment  by  Ihs.  companies  was  equivalent  to  11 
percent  of  industry’s  domestic  R&D  spending  com¬ 
pared  to  6  percent  in  1985.  In  1990,  foreign  compa¬ 
nies  accounted  for  an  amount  equivalent  to  15  per¬ 
cent  (majority-owned  foreign  affiliates  for  1 1  percent) 
of  all  industrial  R&D  expenditures  in  the  United 
States,  compared  to  their  9-percent  share  in  1985. 
Also,  about  one-half  of  the  255  foreign-owned  R&D 
facilities  in  the  United  States  in  1992  had  been  estab¬ 
lished  during  the  previous  6  years. 


equivalent  to  2.6  percent  of  the  total  r.s,  gross  domestic 
product  (DDI’).  Tlie  absolute  magnitude  of  the  effort  and 
the  manifold  tasks  to  which  it  is  directed  are  indicative  of 
the  critical  role  that  R&D  plays  in  addressing  such  con¬ 
cerns  as  national  defense,  industrial  competitiveness, 
public  health,  environmental  quality,  and  social  well¬ 
being.  Indeed,  the  long-tenn  importance  of  R&D  expendi¬ 
tures  to  technological  preeminence,  military  security, 
and  knowledge  growth  is  axiomatic. 

TTiere  is  widespread  agreement  within  both  the  public 
and  private  sectors  that  this  national  investment  needs  to 
be  more  closely  monitored  and  evaluated.  TTie  past  two 
decades  bore  witness  to  truly  profound  changes  in  the 
economic,  political,  and  research  environments  in  which 
science  and  technology  (s&T)  policy  is  determined  and 
R&D  activities  are  conducted.  Coupled  with  substantial 
shifts  in  the  Nation’s  overall  inflation-adjusted  R&D  fund¬ 
ing  levels  (see  figure  4-1),  there  have  been  vast  changes 
in  the  organizational  and  institutional  aspects  of  research 
funding.  Industry,  chalh'iiged  by  the  competitive 
demands  of  an  increasingly  integrated  global  economy. 
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Figure  4-1 . 

National  R&D  funding,  by  source 


Billkxrs  of  currant  dollars 


See  appendix  table  4-4. 


Billions  of  constant  1987  dollars 
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is  going  through  a  difficult  period  of  restructuring  and 
downsizing  in  which  R&l)  activities  have  to  compete  vig¬ 
orously  with  other,  more  short-term,  company  priorities. 
The  need  to  leverage  scarce  R&D  funds  has  become 
unquestionably  apparent,  and  industry’s  effort  to  do  so  is 
indicated  by  impressive  growth  in  its  research  partner¬ 
ships  with  federal  and  academic  institutions  as  well  as 
with  various  domestic  and  international  competitors. 

Public  policy  is  also  in  a  period  of  rapid  evolution  and 
fundamental  reassessment:  Tension  between  the  desire 
for  new  research  initiatives  and  the  need  for  significant 
budgetary  cutbacks  is  evident  throughout  government. 
Pronouncements  by  both  the  executive  branch  and 
Congress  have  underscored  the  urgency  of  setting 
research  priorities  and  revisiting  assumptions  around 
which  national  R&D  funding  decisions  have  long  been 
guided.  As  budget-strapped  state  and  federal  agencies 
each  struggle  with  the  conflicting  desire  to  do  more — or 
at  least  better — with  less,  the  situation  has  given  rise  to 
new  forms  of  research  coordination  and  institutional 
arrangements  for  managing  funding  agencies’  R&D  sup¬ 
port.  On  top  of  this,  the  end  of  the  Cold  War  offers  an 
untold  host  of  opportunities  and  challenges  to  the 
Nation’s  s&T  enterprise.  Throughout  the  1980s  and  into 
the  1990s,  more  than  one-half  of  the  government’s — and 
one-quarter  of  the  Nation’s — R&D  resources  were  devot¬ 
ed  to  deterring  the  massive  military  threat  posed  by  the 
Soviet  Union.  With  the  fall  of  Soviet  Communism,  a 
majo  sk  facing  the  Nation  is  to  shift  these  resources  to 
activities  that  not  only  address  remaining  current  and 


future  defense  needs,  but  also  confront  the  international 
economic  challenges  at  the  forefront  of  domestic  policy 
concerns. 

Chapter  Organization 

The  chapter  is  organized  into  three  separate,  interre¬ 
lated  parts.  The  first  part  describes  broad  patterns 
among  R&D-funding  and  -performing  sectors — the 
Federal  Government,  industry,  academia,  and  nonprofit 
institutions.  The  character  of  these  activities — that  is, 
whether  they  are  basic  research,  applied  research,  or 
development — also  is  discussed.  The  focus  of  the  cover¬ 
age  is  on  current  expenditure  patterns,  although  trend 
material  is  presented  on  R&D  activities  covering  the  past 
1.5  years.  In  addition,  national  R&D  spending  patterns  are 
analyzed  (1)  with  reference  to  the  distribution  of  these 
activities  by  state,  and  (2)  in  comparison  with  those  of 
other  major  R&D-performing  countries. 

The  second  part  considers  the  federal  role  in  the 
national  effort  in  more  detail.  Transfers  of  federal  funds 
to  the  various  R&D-performing  sectors  are  detailed,  with 
specific  attention  given  to  the  funding  agencies,  the 
fields  of  research  funded,  and  the  various  socioeconomic 
objectives — including  defense  and  nondefense — support¬ 
ed.  Patterns  of  u.s.  Government  R&D  support  are  com¬ 
pared  with  those  of  its  international  counterparts. 
Government’s  defense-related  R&D  activities,  including 
defense  conversion  issues,  are  covered  in  some  detail. 
Other  topics  addressed  are  changes  in  the  structure  of 
federal  R&D  support,  including  ways  in  which  federal 
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agencies  provide  sup|X)rt  for  academic  research,  and  use 
of  interagency  cross-cutting  initiatives  in  prioritizing  fed¬ 
eral  R&l)  expenditures. 

The  concluding  part  looks  at  growth  of  industrial  KXD 
linkages.  The  industry-federal  KXD  funding  relationships 
that  were  introduced  in  the  first  two  parts  of  the  chapter 
are  further  developed;  Particular  attention  is  given  to 
R&l)  expenditure  patterns  within  specific  industries.  Data 
are  provided  on  federal  incentives  put  in  place  to  foster 
industry  Rv'tl)  growth  indirectly — for  example,  RXrD  tax 
credits;  also  presented  are  a  series  of  indicators  related 
to  the  transfer  of  technologies  developed  in  federal  labs 
to  the  private  sector.  In  addition,  there  is  material  docu¬ 
menting  industry’s  increased  reliance  on  multi-firm  and 
multi-sector  research  partnerships.  Topics  include  the 
growth  of  university-industry  research  centers,  domestic- 
research  consortia,  international  technology  agree¬ 
ments,  and  flows  of  R^'il)  funds  moving  both  into  and  out 
of  the  United  States.  Similar  trends  for  other  major  RXD- 
performing  countries  are  identified. 

National  R&D  Spending  Patterns 

During  the  1980s  and  early  199()s,  important  broad 
structural  changes  in  the  conduct  and  support  of  r.s. 
R&I)  activities  have  taken  shape.  Industry  has  replaced 
the  Federal  (lovernment  as  the  Nation’s  largest  source 
of  RiVI)  support,  even  as  industry’s  share  of  the  Ri'il)  per¬ 
formance  total  has  fallen  considerably.  State  and  indus¬ 
try  funding  of  university  research  has  expanded  greatly 
in  recognition  of  the  contributions  of  such  research  to 
economic  development  and  commercial  competitive¬ 
ness.  The  focus  of  federal  Ri'tl)  funding  also  is  shifting, 
moving  away  from  defense  and  toward  civilian  strategic- 
concerns.  These  changes  are  likely  to  continue — and 
even  accelerate — in  the  foreseeable  future.  An  under¬ 
standing  of  the  present  situation  therefore  provides  a 
framework  for  assessing  future  s^t  r  developments.  In 
this  section,  national  R&l)  expenditure  trends  and  sector- 
specific  R&l)  funding  and  performance  patterns  are 
reviewed.  Broad  changes  in  R&l)  spending  patterns  since 
the  early  eighties  are  identified,  and  recent  estimates  of 
the  Nation’s  1993  R&D  expenditures  are  summarized. 
The  geographic  distribution  of  the  Nation’s  R&n  activi¬ 
ties  is  presented,  and  the  discussion  closes  with  a  com¬ 
parison  of  the  nationwide  u.s.  R&D  effort  to  those  of 
other  major  research-oriented  countries. 

Aggregate  Trends:  From  Growth  to  Leveling 

The  Nation’s  R&D  expenditures  rose  rapidly  and  dra¬ 
matically  from  the  mid-seventies  through  the  first  half  of 
the  eighties,  climbing  from  about  $72  billion  in  197.5  (in 
constant  1987  dollars)  to  more  than  $120  billion  in  1985. 
(See  figure  4-1.)  During  this  10-year  period,  u.s.  R&D 
spending  grew  on  average  5.3  percent  annually,  and  the 
r&D/(;dp  o  rose  from  2.2  to  2.8  percent.  Both  federal 
and  nonfederal  sectors  contributed  to  this  R&D  growth. 


Initially,  much  of  the  period’s  research  expansion  was 
directed  toward  solutions  to  energy  problems;  by  the 
early  eighties,  however,  the  focus  of  the  national  R&1> 
effort  had  shifted  overwhelmingly  toward  defense-relat¬ 
ed — particularly  development — activities. 

This  iH'riod  of  rapid  R&D  growth  was  relatively  short¬ 
lived.  Sluggishness  in  the  economy  and  its  attendant 
negative  impact  on  profits — profits  out  of  which  commer¬ 
cial  R&D  projects  are  normally  funded — slowed  private 
investment  in  R&D  activities.-  Budgetary  constraints 
imposed  on  virtually  all  federal  and  state  government 
programs — as  well  as  reprioritization  of  such  pro¬ 
grams — have  since  served  to  reduce  R&D  gains  from  the 
public  sc-ctor  as  well.  '  Hie  conclusion  of  the  Cold  War, 
and  the  resultant  restructuring  and  drawdown  of  the 
Nation’s  military  technological  base  has  already,  and 
likely  will  further,  affect  R&D  funding  choices.  As  a  result 
of  these  varied  influences,  total  inflation-adjusted  expen¬ 
ditures  for  R&D  have  been  virtually  flat  since  1985. 
Moreover,  fueled  particularly  by  a  reduction  in  defense 
R&D  spending,  they  even  declined  in  1990  and  1991.' 
National  R&D  growth  slowed  to  a  0.9-percent  average 
annual  constant  dollar  rate  of  increase  during  the  entire 
198.5-93  pt-riod,  and  total  R&D  exijenditures  seem  to  have 
plateaued — at  least  temporarily — at  about  $130  billion 
(constant  1987  dollars)  in  1993;  'I'he  Nation’s  R&D/ODP 
ratio  edged  downward  to  an  estimated  2.6-percent  share 
of  total.  ’ 

R&D  Funders.  Total  funds  for  R&D  in  the  United 
States  ($161  billion  in  nominal  terms)  came  mainly  from 
two  sources  in  1993 — industry  (at  an  estimated  52  per- 


'nuTt-  ar»-  uii(li)ublc(lly  additional  reasons  beyond  redueed  sales 
and  profit  exix'Ctations  lor  the  recent  slowing  in  industry's  KiVt)  effort. 
ITie  drop  in  military  K.ct)  has  certainly  affected  government  six-nding 
and  probably  industry's  as  well.  Indeed,  some  industry  officials  cite  the 
decline  in  federal  K,vl>  contracting  and  "unspecified  business  condi¬ 
tions"  as  the  major  reasons  for  the  deceleration  in  their  K.vt)  funding 
(Sks  l!)t)2a  and  \st(  ttltlZa).  Officials  also  note  that  increas<‘s  in  the  real 
cost  of  capital  and  in  the  number  of  corixirate  mergers  and  acquisi¬ 
tions  may  have  somewhat  curb»'d  K.vt)  growth  rates,  the  latter  ixiint 
being  recently  confimied  in  a  study  by  Ding  and  Ravenscraft  (Itbrt). 
Ilieir  findings,  however,  do  not  support  the  view  that  K.vli  cutbacks — 
on  average — caused  a  decline  in  the  restnictured  companies'  overall 
economic  performance:  'lliey  instead  note  only  that  K.vt)  sp<-nding 
tends  to  be  curtailed  in  companies  that  have  undergone  a  leveraged 
buyout. 

recent  report  from  the  National  Academy  of  Sciences.  National 
Academy  of  Kngineering,  and  Institute  of  Medicine  (199;5)  noted  that 
K.vt)  funding  above  current  levels  is  not  necessarily  required  to  meet 
current  societal  SVT  goals.  The  reix)rt's  authors,  who  represent  some 
of  the  Nation's  foremost  scientists  and  engineers,  observe  that  policy- 
debates  too  narrowly  focused  on  raising  absolute  amounts  can  be 
counltTytroduclive.  and  that  more  attention  should  be  given  to  choos¬ 
ing  which  science  activities  are  supported  with  public  funds. 

‘The  s|XTific  cause  for  a  S.')  billion  federal  K.vt)  funding  drop  in  1!^*1 
is  unknown.  To  a  large  extent,  the  decline  apix-ars  to  reflect  reduced 
supimrl  from  the  Air  Force  and  Navy  to  industry  ix-rfomiers.  About 
half  of  the  decline  was.  apparently,  the  result  of  a  delay  in  K.vt)  project 
fiinding,  not  a  iiennanenl  cutback  du<“  to  defense  dow  nsizing. 

For  recent  summaries  of  national  K.vt)  funding  trends  and  shifts  in 
K.vt)  policy,  see  Cohen  and  Noll  (Ihtrt).  Mowery  and  Rosenberg 
( I <)<»:{),  .md  Reid  (!<)!);!). 
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Figure  4-2. 

National  R&D  expenditures:  1993 


By  sourca  of  funds 


By  performing  sector 


NOTE:  FFRDC  =  federally  funded  research  and  development  center 

See  appendix  tables  4-4,  4-5,  4-6,  and  4-7  Science  S  Engineering  Indicators  -  1993 


cent  of  total)  and  the  Federal  (ioverntnetit  (42  iiercent  of 
total).  The  reniaininjr  ()  percent  came  from  universities 
and  colk'Kes,  state  and  local  Kovernmetits.  and  nonprofit 
institutions.  '  (See  figure  4-2.)  The  most  recent  estimates 
show  industry  supiiort  increasing  1  percent  (constant 
19f<7  dollars)  from  1992  to  1992,  federal  su])port  rising 
about  2  percent,  and  support  from  other  nonfederal 
sources  climbing  8  percent.  Overall,  this  equatf's  to  less 
than  a  2-percent  inflation-adjusted  rate  of  increase,  (See 
appendix  table  4-2.) 

Although  most  of  industry's  and  academia's  K,vi)  suir- 
porf  go  to  performers  in  their  own  sectors,  this  is  not  the 
case  with  the  Federal  (lovernment.  Federal  kM)  expen¬ 
ditures  reached  an  estimated  808  billion  in  1992.  Of  this. 

♦  40  percent  funded  industry  and  affiliated  federally 
funded  research  and  development  centers  (f  l  KDCS);' 

♦  24  percent  funded  federal  in-house  intramural 
performance: 

♦  17  percent  went  to  universities  and  colleges; 

♦  8  percent  funded  IT'RDCS  administered  by  universi¬ 
ties;  and 

♦  .0  percent  was  for  institutions  in  the  nonprofit  sec¬ 
tor.  including  I  FRDCS  administered  by  nonprofits. 
(See  text  table  4-1.) 


Current  estimates  for  state  governments'  in-hnusr  K,vl)  are  not  avail- 
,able.  In  ItiHS.  state  labs'  intramural  performanee  n'aehed  Stl..')  billion 
(SKs  1990).  riius,  national  l<,vl)  expenditures  totaled  an  estimated 
•Sl.'JT.i;  billion  in  rather  than  the  Si:!,'!. 7  billion  rejiorled  in 

app«‘ndix  table  l-ii. 

The  estimates  of  199:!  K.vti  funds  are  from  sKs  (I9ti;!dl,  .Additional 
forecasts  of  industrial  k.vO  expenditures  are  avail.ibie  from  Hattelle 
(1993)  and  Industrial  Research  Instilute  (1993). 

'An  11 KIK  is  an  organization  exclusively  or  substantially  tuianci-d  by 
the  Federal  (>overnment  to  meet  a  particidar  requirement  or  provide 
major  f:  ies  for  research  and  associaled  training  purposes.  Fach 

center  is  .ninistered  by  an  industrial  firm,  an  individual  university,  a 
university  consortia,  or  a  nonprolh  institution. 


llic  1992  sectoral  funding  shares  for  the  Nation  differ 
stxnewhat  from  those  of  less  than  a  decade  i  arlier.  'Hie 
most  notttble  change  concerns  the  relative  roles  of  the 
Fedt'ral  (iovernment  and  private  industr\'.  For  example, 
the  federal  contribution  to  R\l)  funding  levels  was  con¬ 
siderably  higiier  in  1985,  when  it  accounted  for  a  -lb-per- 
cent  share  t)f  total — 1  percentage  points  more  than  the 
1992  share,"  In  contrast,  private  firms  have  slowly  in¬ 
creased  their  relative  share*  of  sui)|)orl  for  total  t'.s.  R\i) 
activities,  rising  from  49  percent  of  the  1980"'  total,  to  ,21 
pe'rcent  of  the  198,2  total,  and  to  a  current  ,22-percent 
share  This  industrial  support  includes  both  in-house 
RAD  and  funding  of  RM)  in  other  sectors,  'nie  share  of 
RM)  support  from  all  other  nonfederal  sectors  also  has 
risen,  from  a  2-percent  share  of  total  in  198.2  to  (i  ix'rcent 
in  1992.  (See  appendix  table  4-2  for  background  data.) 
(iiven  the  evolving  pattern  of  collaborative  research  among 
the  various  performing  sectors  (described  throughout 
this  chapter),  the  increased  diffusion  in  RA;I)  funding 
sources  is  a  trend  unlikely  to  be  reversed  in  the  near 
future. 

R&D  Performers,  .^t  an  estimated  .8109.2  billion  in 
1992.  industi-y  (exclusive  of  its  affiliated  Fl  RDCs)  remains 
the  largest  performer  of  RAD  in  the  United  States.  RM) 
performed  by  companies  accounted  for  08  percent  of  the 
national  RAD  effort."  (St'e  figure  4-2.)  Aerospace  compa¬ 
nies  accounted  for  about  one-fifth  of  industry's  perfor¬ 
mance  total:  companies  in  the  chemicals,  computers. 


Iiulccd,  tlu'  l<-(U‘ral  poiliim  (if  (lie  l  .s.  K.vli  supixirt  total  has  fallen 
rather  steadily  since  19(>1,  when  it  accounted  for  .about  a  (i7-percent 
share. 

'  'litis  was  the  In  st  yetir  since  such  statistics  had  been  collected  that 
industrial  K.xO  hmding  suiqtassed  that  of  the  Federal  (ioveniment. 

^llte  It)  iitdustry -administered  1 1  KIK  S  performed  an  estimated  S'J.T 
billion  of  K.vti  in  1993.  Iliey  received  the  bulk  of  their  funding  from 
the  Department  of  Defense  and  the  atomic  energy  defense  programs 
of  the  Department  of  Knergy. 
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communication  equipment,  and  motor  vehicles  indus¬ 
tries  each  accounted  for  about  10  percent. 

The  second  largest  R^:l)-performing  sector  is  the 
Nation's  universities  and  colleges,  exclusive  of  universi¬ 
ty-administered  FI  RDt  s;  this  sector  accounted  for  13  per¬ 
cent  ($21  billion)  of  the  I  .s.  Ki'il)  total.  Federal  funding 
provided  for  an  estimated  .35  percent  of  academic  R&n 
activities  in  1993;  this  was  down  from  a  OS-percent  feder¬ 
al  share  in  1980. 

Federal  in-house  Ri^O  (exclusive  of  all  FFRDCs)  accounted 
for  an  estimated  10  percent  ($17  billion)  of  the  Nation’s 
1993  Riyi)  total.  This  federal  intramural  performance  is 
down  2  percent  (in  constant  dollars)  from  estimated 
1992  levels. 

The  1993  numbers  for  all  industry  represent  a  2-per¬ 
cent  gain.  Universities'  R^l)  performance  growth  (an 
estimated  5  percent  after  general  inflation  is  taken  into 
account)  outpaced  that  of  all  other  sectors  in  1993.  as  it 
generally  has  in  each  of  the  last  8  years. 

Recent  changes  in  Rt^il)  performance  patterns  have 
been  as  pronounced  as  the  changes  in  ihe  funding  struc¬ 
ture  of  Ri'il)  activities.  Tlie  main  beneficiary  of  the  rela¬ 
tive  shifts  in  these  patterns  has  been  the  academic  sec¬ 
tor.  Industry's  68-percent  share  of  the  Nation’s  1993  R&n 
performance  total  represents  just  a  slight  decline  from 
its  69-percent  share  of  the  1980  total,  but  is  substantially 
less  than  the  72-percent  performance  share  held  as 
recently  as  1985.  About  26  percent  of  industry’s  1993 
R&I)  performance  was  financed  by  the  Federal  Govern¬ 
ment  (see  text  table  4-1),  mostly  by  the  Department  of 
Defense  (DOD).  The  heavy  dependence  of  some  indus¬ 
tries  on  a  declining  OOI)  budget  is  one  of  the  main  rea¬ 


sons  for  the  recent  relative  drop  in  this  sector’s  perfor¬ 
mance  share. 

Universities  and  colleges  increased  their  portion  of 
the  R&l)  performance  total  over  the  same  period,  rising 
from  9  percent  in  1985  to  their  present  13-percent  share. 
This  growth  in  R&I)  performed  on  the  Nation’s  campuses 
benefited  from  steadily  proliferating  industry-university 
partnerships  with  both  federal  and  state  government 
funding.’’ 

The  R&I)  performance  of  federal  intramural  labs 
declined  slightly  from  an  11-percent  national  share  in 
1985  to  10  percent  in  1993;  the  share  for  all  FFRDCs  was 
about  5  percent  of  the  respective  1985  and  1993  totals. 
Consequently,  R&l)  expenditures  in  all  federal  labs 
accounted  for  16  percent  of  the  national  total  in  1993, 
down  from  a  19-percent  share  in  1980  and  a  17-percent 
share  in  1985. 

Character  of  Work.  Although  the  varying  goals  of 
basic  and  applied  research  and  development  make  these 
activities  conceptually  distinct,  this  distinction  has,  in 
many  fields,  become  somewhat  blurred.  Research  can  be 
directly  influenced  both  by  the  quest  for  fundamental 
knowledge  and  by  considerations  of  use — that  is,  some 
basic  research  is  not  driven  by  curiosity  alone,  but  is 
explicitly  undertaken  to  achieve  applied  goals  and  car- 


'-'Industry-specific  funding  details  for  domestic  firms  are  presented 
later  in  this  chapter  (“Industry-Oovemment  Interactions").  Industry 
comparisons  with  I'.s.  international  competitors  are  summarized  in 
chapter  (i. 

'  'See  “Industry-l  niversity  Partnerships"  and  chapter  5  for  other  indi¬ 
cators  of  these  trends. 


Text  table  4-1 . 

National  R&D  expenditures,  by  performing  sector  and  source  of  funds:  1993  (est.) 


Sources  of  R&D  funds 

Universities  Percent 

Federal  and  Nonprofit  distribution, 

R&D  performers  Total  Industry  Government  colleges’  institutions  performers 

- Millions  of  dollars - 


Total . 

.  .  160,750 

83,550 

68,000 

6,000 

3,200 

100.0% 

Industry . 

.  ,  109,600 

81,300 

28,300 

— 

— 

68.2 

Industry-administered  FFRDCs^ . 

2,700 

— 

2,700 

— 

— 

1.7 

Federal  Government . 

16,600 

— 

16,600 

— 

— 

10.3 

Universities  and  colleges . 

20,550 

1,500 

11,400 

6,000 

1,650 

12.8 

University-administered  FFRDCs^ . 

5,300 

— 

5,300 

— 

— 

3.3 

Nonprofit  institutions . .  .  .  . 

5,300 

750 

3,000 

— 

1,550 

3.3 

Nonprofit-administered  FFRDCs' . 

700 

— 

700 

— 

— 

0.4 

Percent  distnbution,  sources . 

100.0% 

52.0% 

42.3% 

3.7% 

2.0% 

—  =  unknown,  but  assumed  to  be  negligible 

'Includes  an  estimated  $1  .B5  billion  in  state  and  local  government  funds  provided  to  university  and  college  performers. 

'Federally  funded  research  and  development  centers  (FFRDCs)  conduct  R&D  almost  exclusively  for  the  Federal  Government.  Expenditures  tor  FFRDCs  are 
therefore  included  in  federal  R&D  support,  although  some  nonfederal  R&D  support  may  be  included  in  the  totals. 
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Definitions 


The  National  Science  Foundation  uses  the  following 
definitions  in  its  resource  surveys. 

Basic  research:  The  objective  of  basic  research  is 
to  gain  more  complete  knowledge  or  understanding  of 
the  subject  under  study,  without  specific  applications 
in  mind.  In  industry,  basic  research  is  defined  as 
research  that  advances  scientific  knowledge  but  does 
not  have  specific  immediate  commercial  objectives, 
although  it  may  be  in  fields  of  present  or  potential 
commercial  interest. 

Applied  research:  Applied  research  is  aimed  at 
gaining  knowledge  or  understanding  to  determine  the 
means  by  which  a  specific,  recognized  need  may  be 
met.  In  industry,  applied  research  includes  investiga¬ 
tions  oriented  to  discovering  new  scientific  knowledge 
that  has  specific  commercial  objectives  with  respect  to 
products,  processes,  or  services. 


Development:  Development  is  the  systematic  use 
of  the  knowledge  or  understanding  gained  from 
research  directed  toward  the  production  of  useful 
materials,  devices,  systems,  or  methods,  including  the 
design  and  development  of  prototypes  and  [irocesses. 

Budget  authority:  Budget  authority  is  the  authori¬ 
ty  provided  by  federal  law  to  incur  financial  obligations 
that  will  result  in  outlays. 

Obligations:  Federal  obligations  represent  the 
amounts  for  orders  placed,  contracts  awarded,  ser¬ 
vices  received,  and  similar  transactions  during  a  given 
period,  regardless  of  when  the  funds  were  appropriat¬ 
ed  or  payment  is  required. 

Outlays:  Federal  outlays  represent  the  amounts  for 
checks  issued  and  cash  payments  made  during  a  given 
period,  regardless  of  when  the  funds  were  appropriat¬ 
ed  or  obligated. 


ried  out  in  projects  that  have  strategic  objectives.  Th(‘ 
.Siyr  enterprise  is  replete  with  examples  of  scientifi- 
advance  and  technological  innovation  atttiined  throng  . 
the  blending  of  basic  and  aiiplied  research  atid  experi¬ 
mental  development  work  or  by  combining  the  knowl¬ 
edge  base  of  multiple  disciplines.  Ongoitig  research  by 
Mansfield  (1993).  based  on  ititerviews  with  corporate 
executives,  and  Nariit  and  Stevens  (1993),  using  biblio- 
metric  data,  further  confirtns  the  close  and  overlapping 
importance  of  academic — generally  basic — re.search  to 
industry's  applied  technology  concerns.''  Despite  the 
indistinct  and  interrelated  aspects  of  the  traditional  char¬ 
acter  of  work  categories  (see  "Definitions"),  examining 
the  distribution  of  the  Nation's  total  R\l)  investment 
among  these  categories  provides  an  indication  of  intend¬ 
ed  sectoral  funding  priorities,  as  well  as  information  on 
changes  in  public  and  private  Kiyi)  strategies.' ' 

Development  continues  to  account  for  the  lion's  share 
— .59  percent — of  f.s.  R&I)  funds.  An  estimated  25  per¬ 
cent  of  the  1993  R&I)  total  was  for  applied  research:  the 
remaining  16  percent  was  basic  research.  Each  of  the  sec¬ 
tors  funds  and  perfonns  basic  research,  applied  research, 
and  development  to  varying  degrees.  Different  sectors, 
however,  dominate  in  these  R.yi)  work  categories: 


'The  imijortancc  of  icscari'li  and  oduiatioii  aitivilifs  lo  ltu‘  lung- 
term  eoniiM'litivc  siren, i;lli  of  the  Nation  is  pointedly  noted  in  a  rireiit 
s)»‘eial  re|)ort  by  the  National  Seienee  Iioard  (1‘1‘L’a). 

'  Nor  has  this  traditional  taxonomy  lost  all  of  its  praetieal  relevanee. 
AeeordinK  to  I.ink  s  preliminary  survey  IhtdinKs  (foillteoinin>:).  Ilrms 
in  the  eltemieals,  machinery,  and  electric  and  electronic  eciuipment 
indestri'"-'  re|)ort  that  the  calejrories  of  basic  researcli.  applied 
research  d  development  accurately  describe  the  scope  of  K.xl>  that 
is  (I)  sell-nnanced  and  (!,')  conducted  ihronKhmit  their  industiy. 


♦  In  1993.  industiy — including  M  Rl>Cs  administered 
by  industrial  firms — performed  S6  percent  and  fund¬ 
ed  6l  iiercent  of  derehipnient.  nic  FecU'ral  (lovr-m- 
ment  funded  most  (3.3  iierccnl)  of  tlu'  rr’iiiainder. 

♦  Industiy  performed  67  percent  ;nui  funded  5.'!  per¬ 
cent  of  tlu'  applied  research  total.  Hert'  agtiin,  the 
Federal  (iovr-rnnuMil  funded  almost  all — 39  iier- 
cent — of  tht>  nst. 

♦  riu'  ticaflemic  sector  performt'd  62  percent  of  all 
basic  research:  I'nivr-rsities  and  colleges  ticcounted 
for  5l  iiercent  of  total,  and  their  aflllialed  i  t  RDCs  for 
II  perciMit.  riie  l-\‘deral  (iovcrnmi-nt  funded  63  per¬ 
cent  of  the  Nation's  basic  research  total.  (See  figure 
4-3.) 

Since  the  mid-eighties,  there  has  been  a  notable  shift 
in  relative  emphasis  by  character  of  work.  These 
changes  are  indicative  of  the  broader  shifts  under  way  in 
the  sources  of  RM)  supix)i1  and  in  si-ctoral  fundin,g  prior¬ 
ities.  ,^s  a  proportion  of  total  R.y  i), 

♦  development  hits  declined  from  65  iiercent  in  19.35 
to  its  current  estimate  of  59  percent. 

♦  applied  research  has  risen  from  22  to  25  percent, 
and 

♦  basic  research  has  climbed  from  E)  to  an  estimati'd 
16  Iiercent.  (See  apix'iidix  tables  4-4.  4-5. 4-(i.  and  4-7.) 

State  Distribution  of  R&D  Spending 

Many  .States  havi'  pinned  their  hoiies  for  economic 
development  and  prosperity  on  the  growth  of  scienci'- 
based  high-technology  indnsfrit's.  In  doin.g  so.  they 
have  adoiiled  measures  designed  to  broaden  their  R.vl) 
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Figure  4-3. 

National  R&D  expenditures,  funders,  and  performers,  by  character  of  work:  1993 
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NOTE:  Funds  for  federally  funded  research  and  development 
center  performers  are  included  in  their  affiliated  sectors. 

See  appendix  tables  4-5. 4-6,  and  4-7. 
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infrastructure:  Ample  evidence  suggests  that  a  critical 
base  of  research  is  one  of  the  fundamental  requirements 
for  location  and  growth  of  high-tech  industries  in  a 
region."’  Yet  the  current  geographic  distribution  of  R&D 
activities  stems  from  innumerable  past  public  and  pri¬ 
vate  sector  choices  made  in  light  of  multiple  economic 
and  scientific  factors  and  considerations,  not  all  of 
which  are  easily  amenable  to  change.  Absolute  levels  of 
R&D  performance  therefore  are  indicators  not  only  of  a 
state’s  current  capacity  to  support  s&T-based  economic 
development  but  also — to  a  certain  extent — of  a  state’s 
near-term  potential  to  build  on  its  s&T  base.  This  discus¬ 
sion  presents  summary  material  on  the  geographic  dis¬ 
tribution  of  the  li.s.  domestic  R&D  effort.  The  analysis 


'"See  NSB  (199D.  chapter  4,  for  a  summary  of  several  state  s&T  initia¬ 
tives  in  the  eighties.  There  are  no  systematically  compiled  and  pub¬ 
lished  tabulations  available  on  state  s&T  and  R&D  involvement  other 
than  the  series  cited  in  the  1991  Indicators  volume.  For  further  discus¬ 
sion  of  states'  increasing  role  in  supporting  the  Nation's  S&T  enterprise 
and  on  th(  leral  absence  of  reliable  data  for  comparative  analysis. 
seeCarnegu  commission  (ltl92c). 


covers  state  R&D  concentration  levels — in  the  aggregate 
and  by  sector — and  indicators  of  the  research  intensity 
of  states’  economies.’^ 

Top  10  States  and  Sector  Performance  Patterns. 

Half  of  the  $145  billion  spent  on  R&D  in  the  United  States 
in  1991  was  expended  in  six  States — California,  New 
York,  Michigan,  New  Jersey,  Massachusetts,  and  Penn¬ 
sylvania.  Moreover,  two-thirds  of  the  national  R&D  effort 
was  performed  in  10  Slates — the  preceding  sbc  together 
with  Illinois,  Ohio,  Maryland,  and  Texas.  In  California 
alone,  $28  billion — or  20  percent  of  all  U.s.  R&D  expendi¬ 
tures — were  spent;  expenditures  ranged  between  $5  and 
$11  billion  in  each  of  the  other  nine  leading  States.  (See 
appendbc  table  4-8.)  In  contrast,  the  smallest  30  States 
collectively  accounted  for  roughly  $20  billion  (or  less 


'This  section  presents  information  on  where  R&D  is  performed  by- 
industry,  academia,  and  federal  agencies,  and  the  federally  funded  R&D 
activities  of  institutions  that  are  part  of  the  nonprofit  sector.  Consistent 
data  on  the  state  distribution  of  nonfederal  R&D  expenditures  used  by 
nonprofit  institutions  are  not  compiled. 
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than  15  percent)  of  the  R&l)  conducted  nationwide  in 
1991. 

Not  coincidentally,  most  of  the  States  that  are  national 
leaders  in  total  R&D  performance  also  rank  among  the 
leading  sites  of  industrial  and  academic  R&D  perfor¬ 
mance.  (See  appendix  table  4-8.)  Of  the  10  States  that  led 
in  total  R&D, 

♦  all  but  Maryland  ranked  among  the  top  10  industrial 
performers,  its  position  being  held  by  Washington 
State: 

♦  all  but  New  Jersey  ranked  among  the  top  10  aca¬ 
demic  performers,  its  position  being  held  by  North 
Carolina. 

This  geographic  concentration  is  not  new.  For  exam¬ 
ple,  the  10  States  with  the  highest  R&D  performance 
totals  in  1991  were  also  the  top  10  R&D  performers  in 
1975,  although  their  exact  ranking  has  shifted  somewhat 
over  time.  Between  1975  and  1991,  Texas  experienced 
the  greatest  growth  in  R&D  performance — a  growth 
undoubtedly  stemming  in  part  from  the  State’s  success 
in  attracdng  such  high-profile  research  undertakings  as 
Sematech  (a  consortium  to  develop  manufacturing  tech¬ 
nologies),  the  Microelectronics  and  Computer  Tech¬ 
nology  Corporation  consortium,  and  the  Department  of 
Energy’s  Superconducting  Super  Collider.  Meanwhile, 
the  largest  decline  in  R&D  performance  share  was  report¬ 
ed  for  New  York,  which  accounted  for  8.1  percent  of  the 
U.S.  total  in  1975,  and  7,1  percent  by  1991;  however,  the 
increase  in  actual  dollars  spent  on  in-state  R&D  activities 
was  greater  in  New  York  than  in  any  other  State  except 


Text  table  4-2. 

Share  of  U.S.  R&D,  by  state  in  which  the  R&D  is 
performed 


1975 

1985 

1991 

California . 

_  18.6 

-  Percent  - 
20.7 

19.5 

New  York . 

_  8.1 

7.8 

7.1 

Michigan . 

_  6.1 

5.9 

6.1 

New  Jersey . 

-  5.0 

6.3 

6.0 

Massachusetts . 

_  4.9 

5.6 

5.9 

Pennsylvania . 

-  5.5 

4.0 

5.2 

Texas  . 

_  3.0 

4.1 

4.6 

Illinois . 

4.0 

3,9 

4.4 

Ohio . 

_  4.4 

3.4 

4.1 

Maryland . 

_  4.7 

4.6 

4.0 

Another’ . 

_  35.7 

33.7 

33.1 

'“All  Other'  includes  R&O  performed  in  the  40  states  not  listed  and  in 
the  District  of  Columbia,  and  R&D  that  could  not  be  allocated  to  a  spe¬ 
cific  location.  Individual  states  included  in  “all  other"  generally  account 
for  shares  of  2  percent  or  less. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National 
Science  Foundation,  Geographic  Patterns:  R&D  in  the  United  States. 
NSF  89-317.  (Washington.  DC:  NSF,  1989);  and  SRS,  unpublished 
tabulations. 
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California.  (See  text  table  4-2  and  SRS  1989.)  The  R&D 
performance  shares  of  two  other  top  10  States — Ohio 
and  Pennsylvania — first  dipped  down,  and  then  in¬ 
creased,  during  the  1975-91  period.  In  this  context,  it  is 
worth  noting  that  both  States  adopted  in  the  early  1980s 
what  are  now  nationally  renowned  s&T  programs — the 
Thomas  Edison  Program  in  Ohio  and  the  Ben  Franklin 
Partnership  Program  in  Pennsylvania.  Both  programs 
were  originally  founded  specifically  to  stimulate  research 
and  innovative  activity. 

According  to  data  recently  compiled  for  the  Carnegie 
Commission  on  Science,  Technology,  and  Government 
(1992c),  Pennsylvania  budgeted  more  for  its  technology 
programs  ($32  million  in  fiscal  year  1991)  than  did  any 
other  State.  Appropriations  for  Ohio’s  technology  pro¬ 
grams  were  also  substantial  in  1991  ($19  million),  but 
were  slated  to  suffer  severe  budget  cuts — about  50  per¬ 
cent — by  fiscal  year  1993.  Estimated  1993  state  technolo¬ 
gy  appropriations  in  Texas  were,  at  $30  million,  the 
largest  among  all  reporting  States.  In  general,  the  report 
concludes  that  state  s&T  programs  have  weathered  reces¬ 
sion-driven  budget  cuts  rather  well,  especially  given  the 
fiscal  difficulties  facing  most  States  in  recent  years. 
Overall,  the  relative  stability  in  research  distribution  dur¬ 
ing  the  last  decade  and  a  half  indicates  that  leading  R&D 
centers  are  not  easily  overtaken — especially  if  there  is  a 
concerted  effort  to  fortify  an  already  strong  s&T  base. 

R&D  Intensity  of  State  Economies.  Just  as  the  ratio 
of  R&D  expenditures  to  GDP  is  used  to  gauge  a  country’s 
commitment  to  R&D  and  measure  the  change  in  this 
commitment  over  time,  the  ratio  of  in-state  R&D  perfor¬ 
mance  to  gross  state  product  (GSP)  can  be  used  to  measure 
the  research  intensity  of  a  state’s  economic  activity.''' 
Moreover,  indicators  that  normalize  for  size  of  states’ 
economies  tend  to  facilitate  more  meaningful  compar¬ 
isons  between  states.  For  the  United  States,  the  R&D/ 
GDP  ratio  was  about  2.6  percent  in  1991.  Ten  States  and 
the  District  of  Columbia  obtained  r&d/gsp  ratios  above 
this  national  average.  Interestingly,  these  were  not  the 
same  10  States  that  accounted  for  the  largest  percentage 
shares  of  the  u.s.  R&D  effort.  (See  figure  4-4.) 

The  largest  R&d/GSP  ratios  were  achieved  in  New 
Mexico  (9  percent)  and  Delaware  (about  6  percent).  The 
high  research  intensity  of  New  Mexico’s  economy 
stemmed  primarily  from  the  considerable  federal  sup¬ 
port  provided  to  the  several  FFRDCs  located  in  the  State. 
Delaware’s  high  R&d/gsp  ratio  resulted  from  compara¬ 
tively  large  in-State  research  efforts  of  the  chemicals 
industry.  On  the  other  hand,  California  and  New  York 


"The  Bureau  of  Economic  Analysis  has  prepared  (;SP  data  through 
1989  and  is  in  the  process  of  updating  the  data  through  1991.  c;sp  data 
used  here  were  estimated  based  on  annual  state  changes  in  employee 
compensation  and  proprietors’  income.  See  Renshaw,  Trott.  and 
Friedenberg  (1988)  for  a  discussion  of  those  components  of  economic 
activity  that  comprise  the  {',SP  totals. 
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Figure  4-4. 

RftD  performance  by  state  and  ratio  of 
R&D/gross  state  product:  1991 
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NOTE:  R&D  data  for  some  states  are  uttavailable  or  estimated. 
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led  the  Nation  in  absolute  dollars  of  total  R\I)  perfor¬ 
mance,  but  ranked  no  higher  than  8th  and  1.5th,  respec¬ 
tively,  in  terms  of  their  economies'  R&l)  intensity — 3.7 
percent  and  2  2  percent,  respectively.  ITiere  were  rough¬ 
ly  15  States  u;  v-iVich  total  R&I)  activity  was  less  than  $0.5 
billion  in  1991  and  the  resultant  R&n/c.sp  ratio  was  under 
1  percent. 

International  Comparisons' ' 

Absolute  levels  of  R&D  expenditures  are  indicators  of 
the  breadth  and  scope  of  a  nation’s  s&T  activities.  The 


‘"The  R.'i.I)  data  presented  here  for  the  major  industrialized  countries 
arc  obtained  from  reports  to  tlie  Organisation  for  Kcononiic  C<M)|XTa- 
tion  and  Development  (OKCD),  which  is  the  most  reliable  source  of 
such  international  comparisons.  The  United  Nations  Kducational. 
Scientific,  and  Cultural  Organization  (I'NKSCO)  reports  the  few  esti¬ 
mates  for  developing  countries  derived  from  systematic  K.'il)  data  col¬ 
lection.  There  is  a  fairly  high  degiee  of  consistency  in  the  K.K.I)  d.ata 
reported  by  OKCD:  Differences  in  reporting  practices  between  coun¬ 
tries  are  estimated  to  affect  the  R.';l)/'(ll)l>  ratios  by  no  more  than  0.1 
p«-rcent  (ISIT  1993).  Data  for  countries  reporting  to  I  NKSCO  are  less 
comparable,  principally  because  of  differences  in  national  statistical 
collection  c:  ‘lilies  and  definitions.  I'or  a  summary  of  IM.sio  and 

OKI  I)  data,  s(,  iRS  (19*11), 


relative  strength  of  a  particular  country’s  R\D  effort  is 
further  indicati'd  by  comparison  with  other  major  indus¬ 
trialized  countries,  lliis  section  provides  such  compar¬ 
isons  of  international  RND  sjx'nding  patterns.  Performer 
and  source  expenditure  patterns  are  contrasted  and 
trend  data  are  reviewed.  The  trends  show  that  l  .s.  lead¬ 
ership  in  terms  of  its  financial  investment  in  R\D  vis-a-vis 
other  countries  has  narrowed  considerably  during  the 
past  two  decades,  but  that  mort“  recently  there  has  been 
a  worldwide  slowing  in  the  growlh  of  such  funds.  \V9iile 
sectoral  RiND  performance  patlerns  are  quite  similar 
across  countries,  national  sources  of  support  differ  con¬ 
siderably.  Nonetheless,  foreign  sources  of  RM)  have 
been  increasing  in  practically  all  countries. 

R&D  Funding  by  Source  and  Performer.  Just  as 
the  performance  of  RNT)  activities  is  heavily  localized  in 
the  United  -States,  the  worldwide  distribution  of  RND  [kt- 
formance  is  heavily  concentrated  in  several  industrial¬ 
ized  nations.-"  Of  the  approximately  .$3.50  billion  in  RND 
expenditures  estimated  for  Organisation  for  Kcononiic 
CiMiperation  and  Development  (OIT  D)  countries.  90  per¬ 
cent  is  expended  in  just  seven.-'  Accounting  for  roughly 
43  percent  of  the  industrial  world’s  RND  investment  total, 
the  United  States  continues  to  far  outdistance  the 
research  investments  made  by  all  other  countries.  Not 
only  did  the  United  States  spend  more  money  on  R\D 
activities  in  1991  than  did  any  other  country,  it  spent 
more  than  the  next  three  largest  performers — ^Japan, 
(iermany,  and  France — combined.--'  The  oiX  D’s  other 
three  large  R*D  performers  were  the  United  Kingdom. 
Italy,  and  Canada.  (St'e  appendix  table  4-35.) 

These  seven  countries  are  fairly  similar  in  terms  of 
Rv'il)  performance  by  sector;  their  sources  of  national 
R&D  funding  vary  somewhat.  Industry  was  the  leading 
R&D  performer  in  each  of  the  seven  countries,  with 
shares  reaching  W)  percent  or  more  in  the  United  States. 
Japan,  Germany,  France,  and  the  United  Kingdom.-' 
(See  figure  4-6.)  In  Italy  and  Canada,  industry  has  slight¬ 
ly  lower  shares,  but  still  accounts  for  more  than  one-half 


-■"Although  sovoral  tloviToping  counlrit's  have  greatly  expanded  tin' 
lev<-l  of  national  resources  they  d<’vote  to  civilian  research  efforts,  the 
overall  rinancial  impact  of  their  efforts  is  small  compared  with  those  of 
the  large  industrialized  countries.  For  example,  estimated  I9‘H)  R,vl> 
expenditures  in  .Singapore,  Taiwan,  .South  Korea,  and  India  combined 
was  about  11)  ix-rcent  of  the  I  .s.  R.vl)  total  (SRS  199;!c). 

■'Fstimates  are  for  1990;  see  OKCl)  (1993a).  Note  that  these  esti¬ 
mates  are  basi-d  on  reixirted  R.'.D  investments  converted  to  t  .s.  dollars 
with  purchitsing  (xiwer  parity  (I’l’P)  exchange  rates.  Although  I’t’ts  ;ire 
not  equivalent  to  K.'il)  exchange  rates  |xt  se,  they  better  reflect  differ¬ 
ences  in  countries'  laboratory  costs  than  do  market  exchiinge  rates. 
See  "I’urchitsing  Power  Parities:  Preferred  Normalizer  of  International 
R&D  Data." 

-"('■erman  data  are  for  the  fonner  West  (iermany  alone.  ;uid  do  not 
include  K.'il)  expenditures  in  the  former  Fast  (iermany. 

-  t'.s.  totals  are  reiM)rted  differently  in  this  section  than  they  are  else¬ 
where  in  this  chapter  (see  figure  4-3).  K.'il)  perfonnance  by  1 1  RDt  s  is 
included  within  the  administering  sector,  rather  than  in  the  goveni- 
numt’s  ix'rfonnance  totals.  Also,  industrial  K.'il)  financed  from  abroad 
are  reported  separately  here,  rather  than  included  in  the  industry  fund¬ 
ing  totals. 
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Purchasing  Power  Parities: 

Preferred  Normalizer  of  International  R&D  Data 


Comparisons  of  international  statistics  on  R&I)  are 
hampered  by  the  fact  that  countries’  R&D  expenditures 
are  denominated,  obviously,  in  their  home  currencies. 
Two  approaches  are  commonly  used  to  normalize  the 
data  and  facilitate  aggregate  R&D  comparisons.  The 
first  method  is  to  divide  R&D  by  GDP,  which  results  in 
indicators  of  relative  effort  vis-a-vis  total  economic 
activity.  The  second  method  is  to  convert  all  foreign- 
denominated  expenditures  to  a  single  currency,  which 
resu!;  in  indicators  of  absolute  effort.  The  first  method 
is  a  su  aightforward  calculation,  but  enables  only  gross 
national  comparisons.  The  second  permits  finer  inter- 
ci  ;  itry  comparisons,  but  first  entails  choosing  an 
appropriate  currency  conversion  series. 

Since,  for  all  practical  purposes,  there  are  no  widely 
accepted  R&D-specific  exchange  rates,  the  choice  is 
between  market  exchange  rates  (mkrs)  and  purchas¬ 
ing  power  parities.  These  are  the  only  series  consis¬ 
tently  compiled  and  available  for  a  large  number  of 
countries  over  an  extended  period  of  time. 

At  their  best,  MERs  l  opresent  the  relative  value  of 
currencies  for  goods  and  services  that  are  traded 
across  borders — that  is,  MERs  measure  a  currency’s 
relative  international  buying  power.  But  because  siz¬ 
able  pottions  of  most  countries’  economies  do  not 
engage  in  international  activity,  and  because  major 
fluctuations  in  MERs  greatly  reduce  their  statistical  util¬ 
ity, an  alternative  currency  conversion  series — 
PPPs — has  been  developed  (Ward  1985).  PPPs  take  into 
account  the  cost  differences  across  countries  of  buying 
a  similar  basket  of  goods  and  services  in  numerous 
expenditure  categories,  including  nontradables:  The 
PPP  basket  is  representative  of  total  gross  domestic 
product  across  countries.  When  applied  to  current  R&D 
expenditures  of  the  nation’s  major  competitors — ^Japan 
and  Germany — the  result  is  the  same:  PPPs  result  in  a 
lower  estimate  of  total  research  spending  than  do 
MERs,  as  shown  in  figure  4-5  (A).** 


PPPs  are  the  preferred  international  standard  for  cal¬ 
culating  cross-country  R&D  comparisons  and  are  used, 
for  example,  in  all  official  OECD  R&D  tabulations. 
Although  there  is  a  considerable  difference  in  what  is 
included  in  GDP-based  PPP  items  and  R&D  expenditure 
items,  the  major  components  of  R&D  costs — fixed  assets 
and  the  wages  of  scientists,  engineers,  and  support  per¬ 
sonnel — are  more  suitable  to  a  domestic  converter  than 
to  one  based  on  foreign  trade  flows.  Exchange  rate 
movements  bear  little  relationship  to  changes  in  the 
cost  of  domestically  performed  R&D. 

This  point  is  clearly  displayed  in  figure  4-5  (B)  and 
(C).  When  annual  changes  in  Japan’s  and  Germany’s 
R&D  expenditures  are  converted  to  u.s.  dollars  with 
PPPs,  they  move  in  tandem  with  such  funding  denomi¬ 
nated  in  the  home  currencies.  Changes  in  dollar- 
denominated  R&D  expenditures  converted  with  market 
exchange  rates  exhibit  wild  fluctuations.  MER  calcula¬ 
tions  indicate  that,  between  1980  and  1990,  German 
and  Japanese  R&D  expenditures  each  increased  in  four 
individual  years  by  30  percent  or  more.  In  actuality, 
nominal  r&d  growth  never  exceeded  30  percent  in 
either  country  during  this  period,  and  generally  was  in 
the  range  of  10  percent  per  year  or  less.  Additionally, 
MER  calculations  would  imply  that  Japan’s  r&d  expen¬ 
ditures  declined  in  1982,  as  did  Germany’s  in  1981, 
1984,  and  1989.  Yet  foreign-denominated  R&D  expendi¬ 
tures  were  positive  in  each  of  those  years.  The  use  of 
MERs  here  is  obviously  inappropriate:  PPP  calculations 
result  in  positive  annual  R&D  expenditure  changes  con¬ 
siderably  closer  to  the  countries’  actual  funding  pat¬ 
terns. 


*MERs  are  also  vulnerable  to  a  number  of  distortions — for  exam¬ 
ple.  currency  speculation,  political  events  such  as  wars  or  boycotts, 
and  official  currency  intervention — that  have  little  or  nothing  to  do 
with  changes  in  the  relative  prices  of  internationally  traded  goods. 

•‘Japan’s  R&l)  in  1990  totaled  .$66  billion  based  on  PPPs  and  $90 
billion  based  on  .\1HRs.  German  K&I)  was  $,'12  and  $42  billion,  respec¬ 
tively.  f.s.  R&l)  was  $145  billion. 


of  these  countries’  performance  totals.  The  industry  r&d 
performance  share  grew  most  rapidly  in  Japan — rising 
from  57  percent  of  total  in  1975  to  70  percent  in  1991.-'  In 
most  of  the  seven  countries,  the  academic  sector  was  the 
next  largest  R&D  performer:-’  Only  in  France  and  Italy 


was  government’s  R&D  performance  (which  included 
that  in  several  nonprivatized  industries,  as  well  as  in 
some  sizable  government  labs)  larger  than  that  of 
academia.  Government’s  R&D  performance  share  was 
smallest  in  Japan  and  the  United  States. 


-'Detailed  and  more  extensive  data  can  be  found  in  SRS  (1991). 

The  national  totals  for  Europe.  Canada,  and  Japan  include  the 
research  component  of  general  university  funds  (ci  t-  block  grants) 
provided  by  all  levels  of  government  to  the  academic  sector. 
Therefore,  at  least  conceptually,  the  totals  include  both  academia's 
separately  budgeted  res<-arch  and  that  undertaken  as  part  of  uiiivr-rsi- 
ties’  irtmental  R.'.D  activities.  In  the  I'nited  Slates,  the  Federal 
Gove,  .ent  generally  does  not  provide  research  support  through  a 


(it  I  equivalent,  preferring  instead  to  support  specific  separately  bud¬ 
geted  KMi  projects.  (See  foodiole  .'M  l  On  the  other  hand,  a  fair  amount 
of  state  government  funding  probably  does  support  dep;irtment;il 
research  at  public  universities  in  the  I'nited  Stales.  Data  on  de|)arl- 
mental  research,  which  is  considered  an  integral  iiart  of  instnictional 
programs,  generally  are  not  maintained  by  tiniversilies.  i  s.  totals  may 
thus  be  underestimated  relative  to  the  K.vP  effort  reported  for  other 
countries. 
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Figure  4-5. 

Japaneee  and  Qennan  R&O  expenditures  and 
annual  changes  In  R&D,  at  market  exchange 
rates  and  by  PPPs 


BiKions  of  current  U.S.  dollars 


1970  1975  1980  1985  1990 

(B) 


1970  1975  1980  1985  1990 


(C) 

NOTES:  German  data  are  for  the  former  West  Germany  only. 

MER  s  market  exchange  rate;  PPP  =  purchasing  power  parity; 

DM  =  deutsche  mark. 

See  appt  table  4-2.  Science  S  Engineering  Indicators  -  1993 


National  governments  and  industry  provide  a  dominant 
proportion  of  each  country’s  respective  R&D  funding 
totals.  Shares  for  these  sectors,  however,  differed  sub¬ 
stantially  from  one  country  to  the  next.  While  govern¬ 
ment  provided  more  than  40  percent  of  R&l)  funds  in  the 
United  States,  France,  Italy,  and  Canada,  it  was  the 
source  of  somewhat  less  funds  in  Germany  (37  percent) 
and  the  United  Kingdom  (35  percent),  and  considerably 
less  in  Japan  (19  percent).  (See  figure  4-6.)  Industry  pro¬ 
vided  a  share  of  R&D  funds  roughly  comparable  to  the 
government  contribution  in  all  countries  except  Japan 
and  Germany.  Private  firms  there  funded  73  and  60  per¬ 
cent,  respectively,  of  the  national  totals.  Foreign  fund¬ 
ing — predominately  from  industry  for  R&D  performed  by 
industry — was  an  important  funding  source  in  several 
countries.  (Trend  data  are  provided  in  “Foreign  R&D  in 
the  United  States.")  The  funding  share  represented  by 
funds  from  abroad  ranged  from  12  percent  of  the  United 
Kingdom’s  R&D  total  to  a  mere  0.1  percent  of  Japan’s 
total.  In  the  United  States,  almost  6  percent  of  funds 
spent  on  R&D  in  1990  came  from  majority-owned  foreign 
firms  investing  domestically:  This  was  up  considerably 
from  the  2-percent  funding  share  provided  by  foreign 
firms  in  1980.  (See  appendix  table  4-37.) 

Total  and  Nondetense  R&D/GDP  Ratios,  r&d  expen¬ 
ditures  as  a  percentage  of  GDP  have  become  one  of  the 
most  widely  used  indicators  of  a  country’s  commitment 
to  scientific  knowledge  growth  and  technology  develop¬ 
ment.  France,  Germany,  Japan,  the  United  Kingdom,  and 
the  United  States  each  maintained  an  r&d/gdp  ratio  of 
between  2  and  3  percent  throughout  the  1980s.  In  1991, 
the  ratios  for  these  countries  were  2.4,  2.8,  3.0,  2.1,  and 
2.6  percent,  respectively.-*^  (In  Italy  and  Canada,  this  ratio 
has  changed  from  about  1  percent  to  1.4  percent  over  the 
past  10  years.)  For  most  of  these  countries,  this  measure 
of  their  economy’s  research  intensity  climbed  rather 
rapidly  from  the  mid-seventies  through  the  mid-eighties 
before  settling  at  their  peak  levels.  Indeed,  for  several 
countries — including  the  United  States,  United  Kingdom, 
and  Germany — the  r&d/GDP  ratio  has  drifted  downward 
since  the  late  eighties.  Even  in  Japan,  which  experienced 
the  most  rapid  and  unabated  R&D  growth  during  the  past 
two  decades,  this  ratio  dropped  slightly  in  1991,  from  3.1 
percent  in  1990  to  3.0  percent  of  total.  Moreover,  there 
are  indications  of  a  further  R&D  slowdown  since  then 
(Swinbanks  1993).  With  the  exception  of  Germany,  annu¬ 
al  rates  of  R&D  spending  growth  in  all  the  countries  since 
1985  is  less  than  those  reported  for  the  previous  5  years. 
(See  appendk  table  4-35.)  Although  cuts  in  defense  R&D 
certainly  were  a  contributing  factor — particularly  in 
the  United  States  and  United  Kingdom — the  main 
cause  of  the  overall  R&D  spending  slowdown  in  most  of 
these  industrialized  countries  was  that  industry-financed 
R&D  stagnated,  and  in  some  cases  even  declined. 


-'The  1991  K,tl)/(,I)I'  ratio  for  unified  Gemiany  was  2.fi  pt'reent. 
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Figure  4^. 

RAD  expendHuree,  by  country,  source,  and  performer:  1991 


Pwcsnt 


Percent 


States  Kir^gdom 

Other  domestic  H  Foreign 


industry 


□ 


Government 


NOTES:  German  data  are  for  the  former  West  Germany  only.  Foreign  performers  are  included  in  the  ‘industry*  and  ‘other  domestic‘  sectors. 

See  appendix  tables  4^  and  4>38.  Science  i  Bngineering  Indicators  -  1993 


The  above  comparisons  are  of  trends  in  total  R&D 
spending.  Yet,  with  the  end  of  the  Cold  War  and  the 
recent  policy  focus  on  economic  competitiveness  and 
commercialization  of  research  results,  probably  a  more 
relevant  indicator  of  a  nation’s  scientific  and  technologi¬ 
cal  strength  is  the  ratio  of  nondefense  R&D  expenditures 
to  GDP.  This  is  not  to  say  that  defense-related  R&D  does 
not  benefit  the  commercial  sector:  There  unquestionably 
have  been  technological  spillovers  from  defense  to  the 
civilian  sector.  But  almost  as  certainly,  the  benefits  are 
less  than  if  these  same  resources  had  been  allocated 
directly  to  commercial  R&D  activities.  Moreover,  consid¬ 
erable  anecdotal  evidence  indicates  that  the  technologi¬ 
cal  flow  is  now  more  commonly  from  commercial  mar¬ 
kets  to  defense  applications,  rather  than  the  reverse. 

Intercountry  comparisons  of  R&D  expenditures  change 
dramatically  when  defense-related  expenditures  are 
excluded.  The  nondefense  r&D/gdp  ratio  in  both  Japan 
(3.0  percent)  and  Germany  (2.7  percent)  considerably 
exceeded  that  of  the  United  States  (1.9  percent)  in  1991, 
and  have  done  so  for  more  than  two  decades.  (See  figure 
4-7  and  appendbc  table  4-36.)  The  nondefense  R&D  ratio 
of  France  matched  that  of  the  United  States;  those  of  the 
United  Kingdom  (1.7  percent),  Canada  (1.4  percent), 
and  It  (1.3  percent)  were  somewhat  lower. 

In  absolute  dollar  terms,  the  u.s.  international  position 


was  markedly  different — and  comparatively  more  favor¬ 
able — than  that  indicated  by  the  nondefense  R&D/GDP 
ratios.  Between  1980  and  1990,  growth  in  U.S.  nonde¬ 
fense  R&D  spending  was  rather  similar  to  that  in  other 
industrial  countries,  save  for  Japan,  whose  nondefense 
R&D  expenditure  growth  was  notably  faster  than  in  the 
United  States.  Thus,  as  a  percentage  of  the  u.s.  nonde¬ 
fense  R&D  total,  comparable  Japanese  spending  jumped 
from  44  percent  in  1980  to  62  percent  in  1990.  (See  fig¬ 
ure  4-8.)  Japanese  nondefense  R&D  reached  $59  billion 
(in  constant  1987  dollars),  compared  with  the  $94  billion 
U.s.  nondefense  R&D  total.  Germany  annually  spent  an 
amount  equal  to  28  to  30  percent  of  u.s.  spending  during 
the  10-year  period,  while  France  annually  spent  an 
amount  equivalent  to  16  to  17  percent  of  the  u.s.  nonde¬ 
fense  R&D  total.  In  1989,  the  combined  nondefense  R&D 
spending  in  these  three  countries  surpassed  that  in  the 
United  States;  it  is  now  higher  still. 

Federal  Support  for  R&D 

Federal  support  for  the  Nation’s  scientific  and  techno¬ 
logical  base  is  in  a  period  of  flux  and  re-examination. 
With  the  close  of  the  Cold  War  and  the  arrival  of  a  new 
administration,  public  debate  has  focused  on  how  best 
to  re-orient  the  federal  effort  away  from  traditional — 
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Figure  4-7. 

RAD  M  a  pareantaga  of  GOP.  by  country 


PoRwnt 


Note:  German  data  are  tor  the  former  West  Germany  only. 
See  appendix  tables  4-35  and  4-36. 


Figure  4-8. 

Nondefanse  RAO:  Foraign  spending  as 
a  pareantaga  of  U.S.  spring 


NOTES:  'nuee-oountiy  total  is  tor  Japan,  Germany,  and  France. 
German  data  are  tor  the  former  West  Gwmany  orily. 

See  appi  .  table  4-36.  SOenee  i  Engineering  Indicetors  -1993 
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primarily  defense-related — .s&T  concerns  and  toward 
more  commercial  technology  support.  Although  these 
are  not  new  concepts,  defense  conversion,  dual-use 
technology,  technology  transfer,  and  research  partner¬ 
ing  have  become  an  integral  part  of  the  current  R&D 
nomenclature  to  an  extent  that  would  have  been 
unimaginable  10  years  earlier.  Federal  decisions  have  a 
major  impact  on  the  Nation’s  military  and  commercial 
s&T  base  and  on  its  global  technological  leadership. 
With  the  level  of  direct  R&D  federal  funding  now  sur¬ 
passing  $70  billion  annually,  the  specific  purposes  to 
which  these  funds  are  being  applied,  the  mechanisms 
by  which  they  are  allocated,  and  the  effectiveness  of 
the  projects  they  support  are  subjects  of  great  interest. 

This  section  examines  the  role  and  extent  of  direct 
federal  R&D  funding.  It  begins  by  defining  aspects  and 
patterns  of  that  support — socioeconomic  objectives, 
research  disciplines,  character  of  work,  agency,  per¬ 
former  (including  federal  labs),  and  the  recent  focus  on 
federal  interagency  initiatives.  Specific  R&D  funding 
issues  that  have  major  defense-related  relevance  are 
described,  including  trends  in  DOD’s  R&D  expenditures 
and  the  government-wide  program  in  support  of  defense 
conversions  activities. 

Federal  Focus  by  National  Objective 

The  Berlin  Wall  came  down  on  September  11, 1989,  and 
2  years  later — in  December  1991 — Communism  in  the  for¬ 
mer  Soviet  Union  was  replaced  with  dawning  democracy. 
With  these  two  events,  the  debate  surrounding 
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r.s.  science  and  technology  policy  in  the  nineties  was 
irreversibly  redefined.  The  policy  focus  has  since  begun 
to  shift  from  military  technological  superiority  toward 
federal  initiatives  designed  to  help  recapture  global  com¬ 
mercial  primacy.-'  These  changes  in  national  policy 
objectives  are  mirrored  by  changes  in  the  functional 
focus  of  federal  R&l)  support,  as  indicated  in  federal 
spending  documents. 

Funding  Trends,  h'ederal  R&n  funding  priorities  shift¬ 
ed  overwhelmingly  toward  defense  programs  in  the 
1980s;  these  included  both  Department  of  Defense  pro¬ 
grams  and  nuclear  weapons  research  funded  by  the 
Department  of  Energy  (noE).-'^  Defense  R&D  spending 
peaked  in  1987  at  $39  billion,  when  it  accounted  for  69 
percent  of  the  federal  R&D  total.  The  only  other  function 
to  experience  substantial  inflation-adjusted  R&D  funding 
growth  during  the  eighties  was  health,  particularly  the 
R&D  programs  of  the  Department  of  Health  and  Human 
Services  (HHs).  Funding  for  space,  energy,  and  a  variety 
of  smaller  R&D  budgetary  categories  held  constant  at 
1980  levels  or  was  reduced.  Funding  for  general  science 
research  inched  upward. 

In  the  late  eighties,  however,  the  data  reflect  a  distinct 
de-emphasis  on  defense  priorities  and  substantial  growth 
in  health  research — much  of  it  AlDS-related — and  space 
research — primarily  for  Space  Station  Freedom.-' 
Energy  spending  held  fairly  steady,  although  its  empha¬ 
sis  shifted  from  nuclear  technologies  to  coal  research. 

1994  Funding  Patterns.  The  current  administration 
has  stated  (Clinton  and  Gore  1993)  its  intent  to  shift  the 
focus  of  federal  R&D  support  back  to  an  even  military- 
civilian  split  by  1998.  As  of  this  writing,  however,  it  has 
had  the  opportunity  to  submit  only  one  budget  proposal 
from  which  specific  s&T  priorities  might  be  discerned.’" 


-"Of  course,  the  United  States  is  not  the  only  country  for  which  the 
end  of  the  Cold  War  introduced  major  changes  in  the  national  s&T 
landscape.  Reunification  has  produced  a  host  of  problems  and  opportu¬ 
nities  as  East  and  West  Germanys’  .s&T  efforts  are  integrated  into  a  sin¬ 
gle  united  German  system,  (Meyer-Krahmer  1992).  and  defense  con¬ 
version  issues  are  extremely  important  to  the  economic  restructuring 
of  the  former  Soviet  Union  (NAS  1993). 

-The  Office  of  Management  and  Budget  classifies  all  activities  within 
the  federal  budget  into  20  functional  categories.  There  are  16  "functions" 
that  contain  federal  R&l)  programs.  For  definitions  and  details,  see  SKS 
(1993b).  The  administration  recently  announced  its  intention  to  group 
federal  K&O  expenditures  data  into  10  mutually  exclusive  categories  that 
will  assist  in  policy  and  budget  decisionmaking.  The  Office  of  Science 
and  Technology  Policy  and  Office  of  Management  and  Budget  have  pro¬ 
posed  grouping  R&i)  data  by  their  relevance  to  the  following  national  s&T 
priority  concerns:  manufacturing,  communications  and  information,  nat¬ 
ural  resources  and  the  environment,  education  and  training,  transporta¬ 
tion.  national  security,  energy  supply  and  demand,  food  and  fiber  pro¬ 
duction.  health,  and  a  10th  category  labeled  “other  R.&l)"  that  would 
include  R&D  activities  not  captured  in  the  first  nine  categories. 

-'Funding  for  the  Space  Station  rose  from  S22  million  in  1984.  the 
first  year  for  which  this  program  received  a  separate  budget  line  item, 
to  .$1.7,5  billion  in  1990.  (See  AAAS,  annual  reports.) 

'■"The  data  reported  here  reflect  estimates  for  R&D  programs  con¬ 
tained  in  the  administration’s  1994  budget  proposal  which  was  submit¬ 
ted  to  C  '•('ss  in  April  1993  (OMH  1993).  The  amounts  do  not  reflect 
congres.  .lal  authorization,  appropriation,  deferral,  and  apportion¬ 
ment  actions  that  were  completed  after  these  data  were  collected. 


Figure  4-9. 

Federal  RftD  funding,  by  budfpet  function 


Billions  of  constant  1987  dollars 


SO 


NOTE:  ‘Other'  includes  all  nondefense  functions  not  separately  graphed. 

such  as  agriculture  and  transportation. 

See  appendix  table  4-26.  Science  S  Engineering  Indicators  -  1993 

As  shown  in  figure  4-9,  national  defense — including  DOD 
and  DOE  funds — remains  the  single  largest  focus  of  the 
proposed  1994  federal  R&D  effort,  accounting  for  59  per¬ 
cent  of  total,  as  it  did  the  2  previous  years.  However,  as 
was  the  case  with  1993  funding,  much  of  the  DOD  monies 
would  be  devoted  to  defensewide  initiatives,  including 
dual-use  technologies  (see  “DOD  Research,  Development, 
Test,  and  Evaluation”).  Similarly,  within  doe’s  atomic  ener¬ 
gy  defense  budget,  technology  transfer  activities  from 
weapons  labs  to  industry  is  one  of  the  few  growth  areas. 

The  following  five  functions  account  for  91  percent  of 
estimated  1994  R&D  federal  budget  authority: 

♦  national  defense — 59  percent,  including  DOD  and 
DOE  funds; 

♦  health — 15  percent,  which  is  roughly  comparable  to 
the  percentage  of  nonfederal  R&D  support  that  is 
health-related  (see  “Health:  The  Growing  Focus  of 
National  R&D  Support”); 

♦  space  research — 9  percent; 

♦  general  science — 4  percent;  and 
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Figure  4-10. 

FMwirf  RAO  fimdt,  by  bucIgM  function:  1994 


Tom  RAO 


Basic  roMOfch 

See  appendix  tables  4-26  and  4-27. 
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function — ^jumping  75  percent  over  1993 — under  which 
is  included  R&l)  support  at  the  National  Institute  for 
Standards  and  Technology  (Nisi);  The  estimated  $380 
million  MSI  total  comprises  both  its  intramural 
research  program  and  extramural  Advanced  Tech¬ 
nology  Program  support  for  precompetitive  generic 
technologies. 

The  functional  distribution  of  basic  research  fund¬ 
ing  differs  from  that  of  the  R&l)  total.  In  1994,  health  is 
slated  to  receive  the  single  largt'sl  share  (40  ptTcent)  of  the 
federal  basic  research  total.  Oeneral  science — which  here 
includes  funding  for  the  National  Science  Foundation 
(NSl  )  and  for  the  research  part  of  dok’s  now  canceled 
Superconducting  Super  Collider — accounts  for  20  per¬ 
cent  of  estimated  federal  basic  research  authoriza¬ 
tions.  This  proportion  is  down  from  the  24-percent 
share  it  received  in  1980.  National  defense  basic 
research  accounts  for  about  9  percent  of  the  1994  basic 
research  total — somewhat  less  than  its  12-percent 
share  in  1980. 

International  Comparisons.'-  Countries'  relative 
shares  of  government  R&D  appropriations  reflect  marked 
differences  in  national  priorities.  In  the  United  States.  59 
percent  of  the  1992  federal  R&l)  investment  was  devoted 
to  national  defense,  compared  to  46  percent  in  the 
United  Kingdom.  37  percent  in  France.  11  percent  in 
Germany.  7  percent  each  in  Italy  and  Canada,  and  6  per¬ 
cent  in  Japan.  (See  figure  4-12.)  The  li.s.  Government 
also  emphasizes  health-related  R&D  (13  percent  of 
total);  this  emphasis  was  especially  notable  in  its  R&l) 
support  for  life  sciences  given  to  academic  and  similar 
institutions.'* 


♦  energy — 4  percent.  (See  figure  4-10.) 

Two  other  functional  areas  of  federal  concern  each 
account  for  2  percent  of  R&D  budget  authority:  (1)  trans¬ 
portation  and  (2)  natural  resources  and  the  environment. 
Environmental  research,  in  particular,  has  been  identified 
as  an  area  of  specific  government  interest  that  is  likely  to 
receive  increased  funding  from  the  present  administra¬ 
tion."'  The  largest  single  percentage  increase  for  1994 
was  provided  in  the  Commerce  and  Housing  Credit 

"Available  statistics  on  such  funding,  however,  tend  not  to  capture 
the  full  extent  of  these  environmentally-related  R&n  activities.  Based  on 
the  programmatic  budgetary  classifications  used  in  this  section.  $1.8 
billion  was  slated  for  natural  resources  and  the  environment  in  fiscal 
year  1994.  Official  budget  documents  (OMB  1993) — not  constrained  by 
formal  classification  schemes — reported  an  environmental  R&D  invest¬ 
ment  of  more  than  $3  billion  in  1994.  which  included  $1..5  billion  for  the 
C.S.  Global  Change  Research  Program.  Using  a  comprehensive  review 
of  federal  expenditures.  Gramp.  Teich.  and  Nelson  (1992)  identified  a 
$4.5  billion  portfolio  for  environmental  R&D  in  fiscal  year  1992.  encom¬ 
passing  hundreds  of  programs  at  more  than  20  agencies.  The  1992  total 
is  about  9  percent  higher  than  the  estimated  $.T7  billion  budgeted  in 
1990.  and  excludes  an  estimated  $0.7  billion  devoted  to  environmental 
health  R&''  ^nd  $0.6  billion  equally  divided  between  space-related  envi¬ 
ronment.  .ences  and  administrative/overhead  costs.  For  further  dis¬ 
cussion  on  this  topic,  see  Carnegie  Commission  (1992a). 


'-'Data  on  the  socioeconomic  objectives  of  R&D  funding  are  rarely 
obtained  by  special  surveys,  but  rather  are  generally  extracted  in  some 
way  from  national  budgets.  Since  these  budgets  already  have  their 
own  methodology  and  terminology,  these  r&d  funding  data  are  subject 
to  comparability  constraints  not  placed  on  other  types  of  international 
R&D  data  sets.  Notably,  although  each  country  adheres  to  the  same  cri¬ 
teria  for  distributing  their  R&D  by  objective  (as  outlined  in  OKCD  1981). 
the  actual  classification  may  differ  among  countries  because  of  differ¬ 
ences  in  the  primary  objective  of  the  various  funding  agents.  Note  also 
that  these  data  are  of  government  R&D  funds  only,  which  account  for 
widely  divergent  shares  and  absolute  amounts  of  each  country's  R&D 
total.  The  classification  of  the  I'.s.  totals  presented  here  are  generally 
consistent  with  those  presented  previously  in  this  chapter. 

’’For  detailed  comparisons — by  field  of  science — of  government 
(national,  state,  and  local)  funding  of  (1)  academic  research  (including 
for  separately  budgeted  research  and  research  supported  out  of  gener¬ 
al  university  funds)  and  (2)  academically  related  research  (such  as 
that  of  university-administered  FFKDCs  and  the  National  Institutes  of 
Health  intramural  program)  in  the  United  States.  United  Kingdom. 
Netherlands.  France.  Germany,  and  Japan,  see  Irvine.  Martin,  and 
Isard  (1990).  For  further  comparisons  with  Canada  and  Australia,  see 
Martin  and  Irvine  (1992). 

Indicators  for  1987  show,  for  example,  that  all  of  these  countries 
emphasized  the  life  sciences  in  this  government-supported  research 
(31  percent  or  more  of  total),  with  the  United  States  devoting  a  particu¬ 
larly  large  share  (49  percent)  of  its  academic  and  related  support  to 
this  broad  field.  Relative  to  other  countries,  the  emphasis  in  Japan  was 
on  engineering,  and  in  France  and  Germany  on  physical  sciences. 
Relatively  high  priority  was  accorded  the  environmental  sciences  in 
the  United  Kingdom,  and  the  social  sciences  in  Canada,  the 
Netherlands,  and  Australia.  See  apiiendix  table  4-46. 
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Japanese  (lovernment  KiXiD  appropriations  in  1992 
were  invested  relatively  heavily  (51  ptTcent  of  total)  in 
the  “advancement  of  knowledge"  (which  is  combined 
support  for  "advancement  of  research"  and  “general  uni¬ 
versity  funds,"  or  (It  1). "  Knergy-related  activities 
accounted  for  21  percent  of  governmental  RiS.!)  funds, 
reflecting  the  country's  concern  with  its  high  depen¬ 
dence  on  foreign  sources  of  energy.  In  each  of  the  four 
Kuropean  countries  and  Canada,  industrial  development 
accounted  for  8  percent  or  more  of  governmental  r&d 
funding;  it  accounted  for  4  percent  of  the  Japanese  total, 
but  just  0.3  percent  of  I'.s.  Riyi).  The  latter  figure — which 
may  be  understated  relative  to  other  countries  as  a  result 
of  compilation  differences — is  likely  to  increase  given 
the  intention  of  the  current  administration  to  provide  fur¬ 
ther  investment  in  commercially  relevant  R&I)  pro¬ 
grams — notably  within  NIST — that  are  classified  under 
this  socioeconomic  category. 

Structure  of  Federal  R&D  Obligation  Support 

Federal  R&D  funding  patterns  over  the  past  decade 
clearly  reflect  changing  government  priorities.  The  fol¬ 
lowing  sections  explore  these  patterns  and  priorities  by 
providing  summary  information  on  federal  R&l)  support 
by  agency  sponsor,  character  of  work,  scientific  field  of 
inquiry,  mode  of  support,  and  category  of  performer, 
including  that  undertaken  in  government  laboratories. 

Patterns  of  Federal  Agency  Support.  Because 
most  functional  categories  receive  their  R&D  support 
from  relatively  few  agencies,  agency  support  patterns  are 
similar  to  the  distribution  pattern  of  Government  R&D 


'•'In  the  I'nited  States,  "advancement  of  knowledge"  is  a  budgetary 
category  for  research  unrelated  to  a  specific  national  objective. 
Furthermore,  whereas  general  university  funds  are  reported  separate¬ 
ly  for  Japan  and  European  countries,  the  Imited  States  does  not  have 
an  equivalent  (it  f  category;  Funds  to  the  university  sector  are  dis¬ 
tributed  among  the  objectives  of  the  federal  agencies  that  provide  the 
RiVI)  funds. 

'Fhe  treatment  of  (ifl'  is  one  of  the  major  areas  of  difficulty  in  mak¬ 
ing  international  RtVI)  comparisons.  In  many  countries  other  than  the 
United  States,  national  governments  support  academic  research  pri¬ 
marily  through  large  block  grants  that  are  used — at  the  discretion  of 
each  individual  higher  education  institution — to  cover  administrative, 
teaching,  and  research  costs.  Only  the  R&I)  component  of  these  gener¬ 
al  university  funds  are  included  in  national  Rkt)  statistics,  but  problems 
arise  in  identifying  (1)  how  much  the  R\Ii  component  is,  (2)  the  fund¬ 
ing  source  (i.e.,  the  government  sector  or  higher  education's  own 
funds);  and  (3)  the  objective  of  the  research. 

Government  (IfF  support  is  in  addition  to  that  which  is  provided  in 
the  form  of  earmarked,  directed,  or  project-specific  grants  and  con¬ 
tracts  (and  thereby  can  be  assigned  to  specific  socioeconomic  cate¬ 
gories).  In  the  United  States,  the  Federal  Government  (although  not 
necessarily  state  governments)  is  much  more  directly  involved  in 
choosing  which  academic  research  projects  are  supported  than  in 
Europe  and  elsewhere.  'ITius,  these  socioeconomic  data  are  indicative 
not  only  of  relative  international  funding  priorities,  but  also  of  funding 
mechanisms.  For  1992.  the  c.t  F  portion  of  total  national  governmental 
R\l)  support  was  between  3.')  and  43  percent  in  Japan,  Italy,  and 
Germany:  about  20  percent  in  the  United  Kingdom  and  Canada;  and  12 
percent  i"  France. 

'  See  (1991)  and  CHO  (1991)  for  a  review  of  issues  related  to  fed¬ 
eral  research  support. 


support  by  functional  objective.  In  1994,  the  Federal 
Government  will  obligate  (see  “Definitions”)  an  estimat¬ 
ed  $74  billion  in  support  of  R&D  and  related  facilities. 
Although  some  25  federal  agencies  contribute  to  this 
total,  95  percent  of  the  funding  is  provided  by  just  (i.  as 
follows: 

♦  DOD — 51  percent. 

♦  IIHS — 15  pt'rcent. 

♦  National  Aeronautics  and  Space  Administration 
(N.4.S.&) — 13  percent. 

♦  DOE — 11  percent, 

♦  NSF — 3  percent,  and 

♦  Department  of  Agriculture  (l  SDA) — 2  percent. 

Since  1981,  DOD  has  provided  more  R&D  funds  annual¬ 
ly  (for  both  in-house  and  external  research)  than  all 
other  agencies  combined.  (See  figure  4-13.)  This  domi¬ 
nance  in  DOD's  funding  share  peaked  in  1986  at  64  per¬ 
cent  of  total. 

At  $11  billion  in  1994,  the  health  programs  of  hhs — 
particularly  its  National  Institutes  of  Health  (MH)  which 
recently  absorbed  the  annual  $1  billion  R&D  functions  of 
the  Alcohol,  Drug  Abuse,  and  Mental  Health  Admini¬ 
stration — accounts  for  the  second  largest  share  of  all  fed¬ 
eral  R&D  funding."^  hhs  is  also  the  source  of  roughly  40 
percent  of  federal  basic  research  funds  disbursed  nation¬ 
wide,  most  of  which  are  slated  for  research  in  the  life  sci¬ 
ences.  (See  appendix  table  4-15.)  Between  1986  and 
1994,  total  R&D  obligations  by  HHS  grew  $5  billion,  or  46 
percent  in  constant  dollars.  "  NASA’s  recent  R&D  budget 
has  also  climbed  significantly.  Like  that  of  hhs,  it  was  up 
$5  billion,  or  95  percent  in  constant  dollars  during  the 
1986-94  period.  One-fifth  of  NASA’s  estimated  1994  R&D 
budget  is  planned  for  Space  Station  Freedom  (SRS 
1993b). 

Among  the  other  nondefense  agencies,  the  Depart¬ 
ment  of  Commerce  and  the  National  Science  Foundation 
have  also  experienced  relatively  fast  research  growth 
during  the  past  several  years.  Between  1990  and  1994, 
inflation-adjusted  R&D  obligations  grew  by  an  estimated 
49  percent  for  Commerce — primarily  for  industry-related 
applied  research  support — and  by  26  percent  for  NSF, 
especially  for  university-performed  basic  research.  In 
terms  of  their  absolute  funding  levels,  the  amount  of  R&D 
support  from  these  two  agencies  (a  combined  $3  billion) 
pales  when  compared  with  those  of  the  top  four  federal 
funders. 


research  accounts  for  .$1.3  billion,  or  12  percent,  of  the  1994 
HUS  RSI)  funding  total. 

■'^Health-related  research  costs,  however,  have  risen  considerable 
faster  than  would  be  indicated  by  the  ODi’  implicit  price  deflator.  When 
HHS  RSI)  expenditures  are  deflated  with  the  BRDPi  (see  “Health:  The 
Growing  Focus  of  National  R&I)  Support"),  the  estimated  increase  from 
1986  to  1994  is  one-fourth  less  (or  34  percent)  than  that  calculated 
using  the  (a)i“  deflator. 
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Health:  The  Growing  Focus  of  National  R&D  Support 


Congress  and  the  administration  are  paying  consid¬ 
erable  attention  to  issues  related  to  the  Nation’s  health 
care  system;  research  is  an  important  component  of 
overall  health  costs.  Although  it  would  be  difficult  to 
distribute  the  national  R&D  total  among  specific  cate¬ 
gories  of  national  objectives,  this  section  attempts  to 
provide  a  perspective  on  federal  and  nonfederal  R&D 
trends  for  health-related  investments. 

The  National  Institutes  of  Health  (NIH)  annually  pro¬ 
vides  expenditure  data  on  the  source  and  performance 
of  the  Nation’s  health  R&D.  These  tabulations  are  more 
comprehensive  than  the  Office  of  Management  and 
Budget  function  data  presented  elsewhere,  because 
NIH  attempts  to  include 

♦  health-related  components  of  all  agencies’  R&D  in 
these  totals,  irrespective  of  their  formal  budget 
function  classification; 

♦  expenditures  fi'om  nonfederal  government  sources; 
and 

♦  health  R&D  from  private  nonfederal  sources — pri¬ 
marily  industry,  but  also  private  nonprofit  organi¬ 
zations  such  as  the  Howard  Hughes  Medical 
Institute. 

According  to  NIH  (1992),  sources  of  nonfederal 
health  R&D  support  grew  considerably  faster  than  did 
federal  sources  during  the  eighties.  Public  sector 
financing  accounted  for  roughly  two-thirds  of  the  total 
health-related  R&D  in  1980;  of  this,  about  90  percent 
was  funded  by  the  federal  sector,  and  the  rest  was 
funded  by  state  and  local  governments.  Approximately 
one-third  of  the  national  health  R&D  total  derived  from 
private  sources.  (See  appendix  table  4-28.)  Overall, 
about  13  percent  of  the  Nation’s  R&D  expenditures 
were  health-related:  16  percent  of  federal  R&D  was  for 
health  as  was  10  percent  of  the  nonfederal  total. 

By  1992,  government’s  share  of  the  estimated  $28 
billion  spent  on  health  R&D  had  fallen  to  less  than  half: 
Only  41  percent  of  total  health  R&D  support  came  from 
the  Federal  Government — mostly  NIH — and  6  percent 
from  the  states  and  localities.  This  decline  in  the  feder¬ 
al  share  was  in  spite  of  a  24-percent  increase  in  the  con¬ 
stant  dollar  support  level  over  the  same  12-year 
period.*  Private  sector  support,  led  by  the  R&D  invest¬ 
ments  of  drug  and  biotechnology  companies,  grew  by 


Figure  4-11. 

Funding  of  health  R&D  as  a  percentage  of 
total  R&D,  by  source 


Percent 


1980  1984  1988  1992 


See  appendix  tables  4-4  and  4-28. 
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almost  170  percent  between  1980  and  1992.  As  a  result 
of  these  growth  trends,  a  remarkable  18  percent  of  the 
national  R&D  investment  was  related  to  health  in  1992; 
comparable  percentage  shares  of  federal  and  nonfed¬ 
eral  funding  totals  were  devoted  to  such  purposes. 
(See  figure  4-1 1.) 

•Constant  dollar  estimates  are  based  on  the  Bureau  of  Economic 
Analysis/NIH  biomedical  research  and  development  price  index 
(BRDPI).  Since  the  BRDPI  is  designed  to  reflect  price  movements  in 
biomedical  R&D.  it  measures  real  changes  in  health  R&D  expendi¬ 
tures  better  than  does  the  broader  c,DP  deflator  (Schuttinga  1993). 
Between  1980  and  1990,  there  was  a  69-percent  increase  in  the  GDP 
deflator,  (See  appendix  tables  4-1  and  4-28.)  During  this  same  peri¬ 
od,  health-related  research  costs — as  measured  by  the  BRDPI — rose 
by  98  percent.  Jankowski  (1993)  estimates  that  of  the  12  industries 
for  which  an  R&D  price  index  was  calculated,  the  chemicals  industry 
(which  includes  drugs  and  medicines)  experienced  the  most  rapid 
increase  in  R&D  costs  during  the  eighties. 


DOD  emphasizes  programs  in  their  development  stage: 
Relatively  little  DOD  funding  is  provided  for  basic  or 
applied  research.  Aggregate  funding  by  all  other  federal 
agencies  is  more  evenly  distributed  among  the  thrt'e 
R&l)  cate'^' nes  (about  30  percent  of  total  for  each)  and 
R&D  plant  ,,.ojects  (10  percent  of  total).  (See  figure  4-14.) 


R&D  Agency-Performer  Patterns.  Over  the  years, 
one  or  two  federal  funding  agencies  have  come  to  pro¬ 
vide  the  bulk  of  R&D  support  to  each  of  the  different 
types  of  R&D  performers.  For  example,  federal  R&D 
obligations  to  l  l  RDCs  are  dominated  by  funding  from 
DDE  and  DOD.  and  the  largest  shares  of  R&D  funds  for 
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Figure  4-12. 

Government  R&D  support,  by  country  and  socioeconomic  obiective:  1992 


Percent 


France 


United 

Kingdom 


NOTES;  Germsr  data  are  for  the  former  West  Germany  only.  Detail  do  not  add  to  100%  because  funding  lor  some  objectives  (for  example,  advancement 
of  knowledge)  is  not  graphed.  R&D  is  classified  according  to  its  primary  government  objective,  although  it  may  support  any  number  of  complementary 
goals.  For  example,  defense  R&D  with  commercial  spin-offs  is  classified  as  supporting  defense,  not  industrial  development. 
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academic  and  other  nonprofit  performers  originate  in 
HHS.  (See  text  table  4-3.)  Similarly,  l)oi>,  N.\.s.A,  and  DOI- 
sponsor  applied  research  within  industrial  firms  and 
FI'RDCs  administered  by  either  universities,  industry,  or 
nonprofit  institutions.  In  contrast,  nonprofit  institutes 
and  the  research  hospitals  of  the  academic  sector 
receive  the  bulk  of  their  applied  research  and  develop¬ 
ment  funds  from  MH. 

The  largest  recipient  of  basic  re.search  funds  (in  terms 
of  estimated  1993  total  agency  obligations)  is  universi¬ 
ties  and  colleges:  this  sector  is  primarily  funded  by  HHS 
(50  percent)  and  NSi-  (24  percent).  l)Oi:.  as  in  its  support 
of  applied  research  and  velopment.  is  the  largest 
provider  of  basic  research  funds  to  I  FKDCs  under  con¬ 
tract  with  universities.  Federal  obligations  for  basic 
research  in  private  firms  are  concentrated  (56  percent) 
in  NASA’s  research  budget.  Federal  in-house  work  on 
basic  research  programs  is  distributed  among  at  least 
six  major  agencies,  with  the  largest  portions  conducted 
by  NIH  and  NASA  laboratories.  Smaller  portions  are  per¬ 
formed  by  fhe  Department  of  the  Interior’s  Geological 
Survey  and  tiSDA’s  Agricultural  Research  Service.  (See 
appendix  table  4-13  and  “Paiterns  of  Federal  Ixib  R&D 
Performance.”) 

Trends  in  Character  of  Work  Funding.  While  there 
are  disti^'  '  and  stable  patterns  in  agency-performer  KAl) 
funding  ..ends,  notable  shifts  of  relative  growth  and 


decline  are  apparent  in  the  federal  character  of  work  knd 
funding  data.  As  a  share  of  the  KNI)  total,  development 
obligations  grew  from  61  percent  in  1980  to  68  percent  in 
1987 — or  40  percent  in  constant  1987  dollars — mainly 
because  of  growth  in  defense-related  KN:I),  which  is  90 
percent  development.  Since  then,  the  development  share 
has  settled  back  to  61  percent  of  total,  and  inflation- 
adjusted  obligations  have  declined  by  9  percimt.  (See 
appendix  table  4-10.) 

Applied  research  fell  from  23  percent  of  total  in  1980 
to  16  percent  in  the  late  eighties:  this  decline  reflected 
the  administration’s  policy  that  private  industry  can 
respond  to  nongovernmental  market  needs  better  than 
can  the  Federal  Government  in  making  civilian  applied 
K&l)  investment  decisions.  More  recently,  applied  (most¬ 
ly  nondefense)  research  has  climbed  back  to  a  20-per¬ 
cent  share. 

Throughout  the  1980-93  period,  federal  basic  research 
support  has  edged  upward,  from  about  15  percent  of  KxD 
total  in  the  early  eighties  to  about  20  percent  of  total  in 
the  early  nineties.  This  strong  and  sustained  growth 
exemplifies  the  widespread  governmental  view  of  basic 
resetia'li  as  es.sential  to  the  Nation’s  scientific,  techno¬ 
logical,  and  socioeconomic  future. 

Fields  of  Science  and  Engineering  Research. 

Among  fields  receiving  federal  research  suppo;1,  life  sci¬ 
ences  garner  the  largest  share  of  both  ba  -ic  and  applied 
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Figure  4-13. 

Federal  RAD  obligatione,  by  eelected  agency 


Billions  of  constant  1987  dollars 


See  appendix  table  4-10.  Science  S  Engir}eering  Indicators  -  1993 


research  obligations.  Funding  for  the  life  sciences  domi¬ 
nates  basic  research  totals  and  has  grown  steadily  since 
the  early  eighties.  (See  figure  4-15.  Appendix  table  4-46 
and  footnote  33  provide  related  international  comparison 
data.)  In  1980,  the  life  sciences — including  the  biologi¬ 
cal,  medical,  and  agricultural  subfields — accounted  for 
31  percent  of  all  federal  basic  research  support.  By  1993, 
they  accounted  for  46  percent  ($6.6  billion)  of  the  federal 
total  ($14.2  billion).  This  growth — especially  in  the  bio¬ 
logical  sciences — reflects  the  mission  interests  of  NIH, 
the  major  funding  agency  for  life  sciences,  doe  provides 
most  funding  for  basic  research  in  the  physical  sciences, 
which  also  has  experienced  steady  growth  over  the  past 
decade  and  now  accounts  for  a  23-percent  ($3.2  billion) 
basic  research  share. 

The  total  amounts  obligated  for  applied  research  in  fed¬ 
eral  agency  1993  budgets  were  slightly  below — 3  per¬ 
cent — those  estimated  for  basic  research;  these  propor¬ 
tions  have  remained  fairly  stable  since  1987.  (See 
appendix  tables  4-15  and  4-16.)  Life  sciences  again 
received  the  largest  applied  research  funding  support, 
just  surpassing  engineering  in  terms  of  percentage  share; 
34  percent  versus  33  percent,  respectively,  in  1993. 
Applied  1  earch  funding  for  engineering — led  by  x.ASA’s 


support  for  aeronautical  engineering — has  risen  rapidly 
since  1990.  Applied  research  funding  for  the  physical  sci¬ 
ences  also  gained  grou.id  in  the  early  nineties,  reversing 
7  years  of  inflation-adjusted  decline.  (See  figure  4-15.) 

Academic  Research  Funding.  '^  The  combined  fed¬ 
eral  basic  and  applied  research  investment  reached  an 
estimated  $28  billion  in  fiscal  year  1993.  A  large  fraction 
of  it — 37  percent,  including  one-half  of  the  basic  research 
total  and  one-fourth  of  the  applied  research  total — was 
carried  out  in  the  Nation's  universities  and  colleges.  This 
funding  has  been  broadly  justified  in  terms  of  its  contri¬ 
bution  to  the 

♦  mission  interests  of  federal  agencies  (for  example, 
defense  and  health); 

♦  economic  and  commercial  prosperity  of  the  Nation; 

♦  education  and  training  of  future  scientists  and  engi¬ 
neers;  and 

♦  pursuit  of  knowledge  for  its  own  sake. 

The  structure  of  this  $28  billion  in  federal  research 
support  is  quite  complex.  Support  is  spread  across  many 
performers  and  a  variety  of  disciplines,  is  directed 
toward  various  funding  purposes,  and  is  disbursed 
through  diverse  funding  mechanisms.  Data  for  address¬ 
ing  some  of  these  complexities  have  long  been  collected 
(and  covered  in  Indicators)',  to  address  some  of  the  other 
structural  aspects  for  which  data  have  not  been  system¬ 
atically  collected,  a  special  survey  (ostp  1992)  was 
recently  undertaken.  This  survey  reviewed  academic 
research  funding  during  the  eighties  from  six  major  civil¬ 
ian  agencies;  it  found  several  distinctive  patterns  in  the 
structure  of  this  support.^-' 

Between  1980  and  1989,  federal  funding — in  constant 
dollars — has  increased  for  all  modes  of  support  (individu¬ 
al  investigator,  research  team,  research  center,  major 
facility),  but  at  different  rates  for  each.  The  share  of 
research  funds  going  to  individual  investigators  declined 
from  56  to  51  percent  over  the  decade  (see  figure  4-16); 
in  contrast,  increases  in  shares  were  evident  for  research 
teams  and  major  facilities.  Changes  differed  across  agen¬ 
cies  and  disciplines.  For  example.  NIH  provided 
increased  funding  for  interdisciplinary  research,  with  the 
result  of  stimulating  awards  to  research  teams.  And, 
while  the  percentage  of  N.SF  research  funding  for  centers 


'"Sef  chapter  5  for  more  detailed  information  on  federal  academic 
research  expenditures,  including  that  in  si  nport  of  universities  indi¬ 
rect  costs. 

'■'Tile  six  agencies  studietl  were  t  si).\.  Doi;.  >  NSl-,  Mil.  and  the 
Environmental  Protection  Agency.  DOO  also  pa.  cipated  in  the  study, 
but  was  unable  to  provide  the  specialized  data  requests  for  years  other 
than  1989.  'ITie  six  civilian  agencies  accounted  for  more  than  95  p»'r- 
cent  of  the  academic  n’search  funded  by  non-DOl)  agencies.  The  report 
also  contains  considerable  funding  detail  on  rt'search  at  federal  labora¬ 
tories — including  both  intramural  labs  operated  by  agencies  them¬ 
selves  and  1 1  Kin  s  opi'rated  by  outside  contractors. 
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Figure  4-14. 

Federal  obligations,  by  agency  and  type  of  activity:  1994 


R&D  plant 


Development 


Applied  rese2irch 


Basic  research 


Total  RAO  and  RAD  plant 
($74.2  billion) 


See  appendix  table  4-10. 
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rose  from  3  percent  in  1980  to  8  percent  in  1989,  trends 
in  other  agencies'  mode  of  support  was  quite  the  oppo¬ 
site.  Centers’  share  of  the  other  five  civilian  agencies’ 
combined  academic  research  total  fell  slightly,  from  16 
to  14  percent. 

In  terms  of  funding  purpose,  shares  for  thematic 
research — the  category  that  receives  the  bulk  of  federal 
academic  support — declined  slightly,  dropping  from  ,67 
percent  in  1980  to  .'56  percent  in  1989.  Meanwhile,  the 
funding  share  for  instrumentation  increased  from  1  per¬ 
cent  of  total  in  1980  to  3  percent  in  1989.  The  funding 
shares  for  disciplinary'  support  and  developing  human 
resources  remained  level  at  33  and  8  percent,  respective¬ 
ly.  of  total. 

In  short,  the  report  found  that  while  there  were  defi¬ 
nite  changes  in  the  structure  of  federal  research  during 
the  eighties,  these  changes  may  not  have  been  as  dra¬ 
matic  as  some  had  thought.  On  the  other  hand,  the 
report’s  data  extend  only  to  1989.  In  light  of  recent  shifts 
in  federal  policy — for  example,  the  increasing  emphasis 
on  thematic  research  in  federal  agency  research  budgets 
discussed  in  "Cross-Cutting  KX:1)  Initiatives.”  below — 
some  of  th(>  trends  identified  for  the  eighties  may  be  dif¬ 
ferent  in  the  nineties. 

Cross-Cutting  R&O  Initiatives 

Several  years  ago.  the  Federal  Oovernment  chose  to 
revitalize  government-wide  (larticiiiation  in  s\- 1  activities 
through  the  Federal  Coordinating  Council  for  Science, 
Fngin<‘<’ring.  and  Technology  (I't'CSK'r).  Chaired  by  the 
Direci  of  the  Office  of  Science  and  Technology  Policy 


and  with  membership  comprising  the  heads  of  almost  all 
federal  research-funding  agencies.  l-ccSKT  is  a  mecha¬ 
nism  through  which  the  administration  plans,  budgets 
for.  and  coordinates  research  programs  that  are  not  lim¬ 
ited  by  boundaries  of  agencies  or  disciplines  (that  is, 
“cross-cutting"  programs).  The  FCCSKl'  cross-cuts  may 
well  represent  a  major  component  of  a  shifting  science 
policy  paradigm  (Brown  1992). 

The  Clinton  administration,  stating  its  intention  to 
strengthen  the  IXX'Si;  i'  iirocess,  included  funding  for  six 
presidential  initiatives  in  its  initial  19fM  budget  proposal. 
Identified  as  integral  parts  of  an  overall  strategy'  to  use 
science  and  technology  to  achieve  national  goals,  com¬ 
bined  funding  for  the  six  interagency  initiatives  equaled 
$12..'5  billion — the  equivalent  of  about  one-sixth  of  esti¬ 
mated  1994  federal  Ri'vl)  support  (OSTP  1993)."'  The  six 
cross-cuts  are 

♦  biotechnology  research,  funded  at  .S4.3  billion; 

♦  advanced  materials  and  processing,  at  $2.1  billion: 

♦  global  environmental  change  research,  at  Sl.-b  billion: 

♦  advanced  manufacturing  technology,  at  $1.4  billion: 

♦  high-performance  computing  and  communications, 
at  $1.0  billion:  and 


■' I’nvisf  ciiinparisoii  of  llic  I  CCM  T  initiatives  and  the  federal  K.vli 
total  is  diffienll  beeanse  il)  detlnilions  for  the  two  sets  of  data  are  not 
necessarily  identical,  and  (-1  some  dinible  counting;  may  occur  for 
closely  related  .activities  that  are  present  in  more  than  one  initiative. 
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Text  table  4-3. 

Estimated  federal  R&D  obligations,  by  agency  and  performer:  FY 1993 


Performer 

Performer  total 
federal 
obligations 

Primary 
funding  source 

Secondary 
funding  source 

— Millions  of  dollars— 

—Percent— 

—Percent— 

Total  R&D . 

69,754 

DOD 

52 

HHS 

16 

Federal  intramural  laboratories . 

16,643 

DOD 

50 

NASA 

16 

Industrial  firms . 

31,203 

DOD 

79 

NASA 

14 

Industry-administered  FFRDCs . 

2,142 

DOE 

82 

DOD 

15 

Universities  and  colleges . 

11,764 

HHS 

53 

NSF 

16 

University-administered  FFRDCs . 

3,703 

DOE 

59 

NASA 

20 

Other  nonprofit  institutions . 

2,957 

HHS 

58 

DOD 

9 

Nonprofit-administered  FFRDCs . 

721 

DOD 

62 

DOE 

30 

Basic  research . 

14,184 

HHS 

41 

NSF 

15 

Federal  intramural  laboratories . 

2,893 

HHS 

38 

NASA 

21 

Industrial  firms . 

1,104 

NASA 

56 

HHS 

19 

Industry-administered  FFRDCs . 

227 

DOE 

95 

HHS 

5 

Universities  and  colleges . 

7,070 

HHS 

50 

NSF 

24 

University-administered  FFRDCs . 

1,468 

DOE 

66 

NASA 

23 

Other  nonprofit  institutions . 

1,228 

HHS 

71 

NSF 

11 

Nonprofit-administered  FFRDCs . 

79 

DOE 

86 

DOD 

11 

Applied  research . 

13,715 

HHS 

25 

DOD 

25 

Federal  intramural  laboratories . 

4,948 

DOD 

28 

NASA 

18 

Industrial  firms . 

2,955 

DOD 

47 

NASA 

29 

Industry-administered  FFRDCs . 

451 

DOE 

83 

DOD 

5 

Universities  and  colleges . 

3,183 

HHS 

58 

DOD 

14 

University-administered  FFRDCs . 

916 

DOE 

75 

NASA 

1^ 

Other  nonprofit  institutions . 

976 

HHS 

54 

AID 

24 

Nonprofit-administered  FFRDCs . 

101 

DOE 

61 

HHS 

14 

Development . 

41.855 

DOD 

76 

NASA 

11 

Federal  intramural  laboratories . 

8,802 

DOD 

74 

NASA 

13 

Industrial  firms . 

27,144 

DOD 

85 

NASA 

10 

Industry-administered  FFRDCs . 

1,464 

DOE 

80 

DOD 

20 

Universities  and  colleges . 

1,511 

HHS 

60 

DOD 

28 

University-administered  FFRDCs . 

1,318 

DOE 

42 

DOD 

37 

Other  nonprofit  institutions . 

753 

HHS 

43 

DOD 

28 

Nonprofit-administered  FFRDCs . 

541 

DOD 

81 

DOE 

16 

AID  =  Agency  for  International  Development 

DOD  =  Department  of  Defense 

DOE  =  Department  of  Energy 

FFRDC  =  federally  funded  research  and  development  center 
HHS  =  Department  of  Health  and  Human  Services 
NASA  =  National  Aeronautics  and  Space  Administration 
NSF  =  National  Science  Foundation 

See  appendix  table  4-11. 


♦  science,  mathematics,  engineering,  and  technology 
education,  at  $2.3  billion,  although  this  FCCSCT  ini¬ 
tiative  is  not  directly  included  in  an  Ki'tl)  budget." 

Multiple  agency  funding  is  a  hallmark  of  the  cross¬ 
cuts;  for  mo.st  initiatives,  however,  one  or  two  agencies 


“I’ri'siricnt  Clinton  announied  in  AukiisI  his  intention  to  modi¬ 
fy  siippotl  for  these  six  I  CCSi:  I  initiatives.  Hie  bioteehnoloKy  initiative 
is  to  be  eliminated:  the  advanced  materials  and  processin>;  and 
advanced  manufacturing  technolofry  initiatives  are  to  be  combined.  In 
November  IttfKf.  the  president  established  ti  new  cabinet-level  National 
Scienci"  ;m •'  '  chnoloity  Council  to  replace  t  ex  st  I  .  the  National  Space 
Council,  tin.  .e  National  Critical  Materials  Council. 
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provide  the  bulk  of  the  monies.  (See  figure  4-17.)  For 
example,  the  largest  initiative  is  for  biotechnology  for 
which  more  than  three-quarters  of  its  budget  is  con¬ 
trolled  by  NIH  whose  interests  lie  primarily  in  health- 
related  programs.  Almost  70  percent  of  global  change 
research  monies  come  from  NASA  and  includes  funding 
for  its  Earth  Observing  System  program  which  is  designed 
to  address  issues  such  as  the  greenhouse  effect,  ozone 
depletion,  and  deforestation.  l)()l)  is  the  primary  or  sec¬ 
ondary  funding  agency  for  four  of  the  initiatives  in  1994: 
Only  in  the  biotechnology  and  global  change  cross-cuts 
does  1)01)  not  play  a  major  funding  role. 
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Patterns  in  Federal  Lab  R&D  Performance* 


The  role  of  federal  lab  activity  in  the  Nation’s  s&T 
enterprise  has  attracted  considerable  attention  of  late, 
especially  in  the  context  of  debates  on  making  federal 
labs’  R&D  programs  more  commercially  relevant.  (See 
Technology  Transfer  and  Commercialization.”)  Out  of 
a  total  federal  $70  billion  R&D  investment  in  1993,  labo¬ 
ratories  owned  or  principally  funded  by  the  Federal 
Government  received  one-third  ($23.2  billion). 
Intramural  laboratories  owned  by  the  government  and 
operated  by  agency  personnel  (government-owned, 
government-operated)  accounted  for  72  percent  ($16.6 
billion)  of  the  federal  lab  total;  FFRDCs  (including  both 
government-owned,  contractor-operated  labs,  and  labs 
owned  by  nongovernment  organizations  but  which  do 
virtually  all  of  their  work  for  government)  accounted 
for  28  percent  ($6.6  billion).  (See  text  table  4-4.) 

Three  agencies  account  for  almost  80  percent  of  the 
1993  intramural  lab  effort:  DOD  labs' performed  half  of 
this  federal  total;**  about  15  percent  each  was  under¬ 
taken  in  NASA  and  HHS  (primarily  nih)  labs.  Three 
agencies  also  account  for  most  (95  percent)  ffrdc 
support.  DOD  and  doe  provide  most  of  the  funding  for 
FFRDCS  administered  by  firms  and  nonprofit  organiza¬ 
tions:  These  two  agencies,  along  with  NASA,  provide 
most  of  the  university-administered  FFRDC  R&D  funds. 
This  high  concentration  in  the  federal  labs  R&D  effort 
has  been  maintained  over  time.  (For  longitudinal  data 
on  intramural  R&D,  see  appendix  table  4-13;  on  FFRDCs, 
see  appendbc  table  4-14.) 

About  half  the  money  going  to  all  federal  labs  is  for 
nondefense  programs.  Nondefense  lab  performance 
includes  funding  for  several  agencies  with  a  long 
track  record  in  cooperating  with  private  industry.  For 
example,  NASA  devotes  about  10  percent  of  its  R&D  to 
aeronautics  research  (SRS  1993b),  which  by  statute  is 
closely  aligned  to  the  interests  of  the  commercial  air¬ 
craft  industry.  Approximately  40  percent  of  the  NiH 


research  budget  is  applied  and  supports  programs  of 
interest  to  the  pharmaceutical  and  biotechnology 
industries  (OTA  1993).  Moreover — as  is  borne  out  by 
technology  transfer  metrics  (see  “Technology 
Transfer  and  Commercialization”) — USDA  labs  have 
long  undertaken  research  programs  of  interest  to  pri¬ 
vate  agriculture,  and  the  central  mission  of  the  grow¬ 
ing  NIST  labs’  budgets  is  to  serve  industry  needs. 

The  remaining  half  of  the  federal  total  is  for  defense 
labs,  including  much  of  the  R&D  in  doe’s  national 
weapons  laboratories — Sandia,  Lawrence  Livermore, 
and  Los  Alamos.  It  is  these  labs  that  are  facing  the 
challenge  to  find  alternative  activities  in  light  of 
expected  reductions  in  defense  R&D  support.  Up  until 
recently,  DOD  and  doe  labs  have  focused  R&D  efforts 
on  their  defense  missions.  Little  attention  was  given  to 
technology  transfer  activities.  However,  with  no  new 
nuclear  weapons  now  planned  and  with  the  defense 
drawdown  continuing,  defense  labs  have  turned 
increasingly  toward  nondefense  research  subjects 
including  environmental  technologies  and  the  develop¬ 
ment  of  new  products  for  industry.  Indeed,  technology 
transfer  is  now  identified  as  a  core  mission  activity  of 
the  Department  of  Energy.  Systematically  compiled 
data  on  defense/nondefense  resources  allocations, 
however,  are  not  easily  obtained. 

'Comprehensive  coverage  of  issues  related  to  federal  laborato¬ 
ries — particularly  to  doe’s  multi-program  nuclear  weapons  laborato¬ 
ries — in  the  post-Cold  War  environment  may  be  found  in  ota 
(1993),  in  which  ideas  for  this  section  originated.  See  also  Davey 
(1992)  for  information  on  DOD  FFRDCS,  and  Sanders  (1993)  for  a  con¬ 
cise  historical  perspective  on  current  FFRDC  issues. 

"There  is  some  confusion  as  to  the  actual  level  of  DOD’s  intramural 
R&D  effort.  The  NSF  numbers  reported  here  are  defined  to  include 
only  funds  for  in-house  activities,  yet  OTA  (1993)  reports  that  over  half 
of  this  money  is  passed  through  to  outside  defense  contractors.  The 
basis  for  this  conclusion  is  DOD  (undated)  self-reports,  stating  that 
only  $4.0  billion  of  total  $8.5  billion  laboratory  research,  development 
test  and  evaluation  program  funds  are  used  for  in-house  activities. 


FCt  SET’s  impact  on  the  budget  process  may  extend 
beyond  the  numbers  just  presented.  In  light  of  cross¬ 
cuts'  new-found  importance  in  framing  R&D  budget  pro¬ 
posals,  agencies  commonly  have  rushed  to  highlight  cur¬ 
rent  research  budgets  and  proposed  increases  in  terms 
of  their  relevance  to  FCCSE'I  activities.  Many  of  these  pro¬ 
grams  undoubtedly  would  be  undertaken  even  without 
the  FCCSirr  coordinating  mechanism. 

Defense-Related  Issues 

The  magnitude  and  importance  of  defense  R&D  in 
the  Nation’s  S&T  enterprise  is  currently  being  trans¬ 
formed.  Specifically,  the  recent  changes  in  f.s.  interna¬ 
tional  security  concerns  have  resulted  in  a  pressing 
need  -educe  or  redirect  the  massive  R&D  investment 


in  financial,  human,  and  capital  resources  devoted  to 
the  defense  industry  for  the  past  40  years.  This  section 
discusses  significant  shifts  in  the  funding  components 
that  comprise  the  DOD  R&D  budget,  and  summarizes 
the  recently  established  federal  technology  conversion 
program.'-’ 

DOD  Research,  Development,  Test,  and  Evalu¬ 
ation.  There  have  been  substantial  changes  in  t  ..s.  mili¬ 
tary  strategy  during  the  past  several  years:  The  focus 
has  shifted  from  threat  of  global  conflict  with  a  known 
superpower  adversary  to  greater  concern  with  regional 


'-'For  an  indcpth  discussion  of  the  role  of  defense  in  the  changing 
s&  T  environment,  see  .Mic  et  al.  1992. 
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Text  table  4-4. 

Estimated  federal  R&D  obligations,  by  selected  agency  and  government  laboratory:  FY 1993 


Agency 

Total 

R&D 

Federal 

labs' 

Intramural 

FFRDCs 

■  - 

Millions  of  dollars 

— 

Total,  all  agencies . 

.  69,754 

23,209 

16,643 

6,566 

Department  of  Agriculture . 

1,337 

699 

899 

• 

Agricultural  Research  Service . 

654 

625 

625 

0 

Forest  Sen/ice . 

177 

161 

161 

0 

Department  of  Commerce . 

622 

477 

477 

■ 

National  Institute  of  Standards  &  Technology . 

231 

159 

159 

0 

National  Oceanic  &  Atmospheric  Administration  .  .  . 

379 

307 

307 

0 

Department  of  Defense . 

36,155 

9,597 

8,277 

1,320 

Department  of  the  Air  Force . 

12,652 

1,416 

1,148 

268 

Department  of  the  Army . 

5,737 

2,263 

2,096 

167 

Department  of  the  Navy . 

8,754 

3,248 

3,024 

223 

Defense  agencies . 

8,397 

2,337 

1,690 

647 

Department  of  Energy’ . 

6,731 

4,745 

567 

4,178 

Department  of  Health  &  Human  Sen/ices . 

11,143 

2,443 

2,361 

82 

National  Institutes  of  Health . 

10,568 

2,242 

2,163 

79 

Department  of  the  Interior . 

541 

482 

482 

* 

U.S.  Geological  Survey . 

326 

299 

299 

0 

National  Aeronautics  &  Space  Administration . 

8,629 

3,397 

2,646 

751 

•  =  less  than  $500,000:  FFRDC  =  Federally  funded  research  and  development  center. 

'Total  for  federal  labs  is  the  sum  of  Intramural  labs  plus  FFRDCs. 

’Roughly  40  percent  of  the  Department  of  Energy's  R&O  support  to  FFRDCs  is  provided  to  its  three  weapons  labs:  Sandia.  Lawrence  Livermore,  and  Los 
Alamos  National  Laboratories. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1991.  1992.  and 
1993  (Washington,  DC:  NSF,  1993). 
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coiitin/fiMicifs.  The  process  of  crafting  a  posl-Colcl  War 
defense — a  process  that  began  in  1989  after  the  disman¬ 
tling  of  the  Berlin  Wall  and  the  subsequent  collapse  of 
Soviet  Communism — culminated  in  the  formal  elabora¬ 
tion  of  a  new  defense  strategy  released  in  May  1992 
(Cheney  1993).  Not  surprisingly,  elements  of  this  strate¬ 
gy  have  major  implications  for  the  funding  of  DOD’s 
research,  development,  test,  and  evaluation  (KDT&K) 
activities. 

From  1980  to  the  present,  funding  for  KDRS.-K  has 
grown  consistently — if  not  smoothly — as  a  percentage  of 
DOO's  total  budget;  The  KD'Ki:  component  rttse  from  10 
percent  of  total  in  1980  ($13  billion  of  the  $132  billion 
1)01)  militai7  outlay)  to  an  estimated  14  percent  in  1994 
($38  billion  of  the  $269  billion  total).  In  1990,  KOIVt-K 
accounted  for  13  percent  ($37  billion  of  the  $291  billion) 
of  Don’s  militai7  outlays.  This  growth  demonstrates  that 
KM)  funding  has  been  a  critical  component  of  the 
defi-nse  strategy  throughout  the  period.  (See  appendix 
table  4-18.)  In  contrast  to  this  positive  funding  trend, 
growth  in  oth(.'r  DOD  functions  has  not  been  so  stable. 
For  example,  funding  for  procurement  of  weapons  sys¬ 
tems  rose  considerably  in  the  early  eighties,  from  22 
(x-rcent  of  total  in  1980  to  30  [X'rcent  in  1987.  Since  then, 
procureme"'s — out  of  wliich  K\l)  in  addition  to  the  KDl,);;!-: 
budget  is  i.  .,led  (see  "Independent  Research  and  Devel¬ 


opment”) — have  fallen  both  as  a  percentage  of  total  (esti¬ 
mated  at  23  percent  of  1994  funds)  and  in  absolute  lev¬ 
els.  (See  appendix  table  4-18.) 

Within  the  K1  t  i  l'll:  budget,  funding  for  specific  mission 
categories  also  has  received  shifting  preferential  treat¬ 
ment  during  the  p.i  ^t  1,'j  years."  Percentage  share 
funding  for  Don’s  strategic  and  tactical  programs  are 
almost  a  mirror  image  of  one  another.  (See  figure  4- 
18.)  These  trends  reflect,  initially,  growth  in  the  Air 
Force's  major  strategic  missile  systems  such  as  M-X 
and  Trident  II,  and — subsequently — a  shift  in  support 
toward  tactical  weapons  for  theatre  warfare  servicing 
each  of  the  three  military  branches.  Funding  for  Don’s 
technology  base  fell  considerably  as  a  share  of  total — 
from  17  percent  in  1980  to  9  percent  in  1990 — even 
though  the  actual  dollars  spent  for  this  research  cate¬ 
gory  inched  up  each  year.  Substantial  growth  in  the 


'Tkio’s  H'chnolony  base  loiisists  of  all  basic  and  applied  re¬ 
search  expenditures  (b.l  lundaniental  researcb  and  ii.2  exploratory 
development  monies,  in  IxiD's  nomenclature).  The  rest  is  what  Nsi 
calls  “development,"  includiiiK  funds  for  strategic  and  tactical  |)ro- 
grams,  as  well  as  for  the  somewhat  generic  nonsystems  "advanced 
technology  development"  work  (li.dA  in  the  non  vernacular).  I'or 
fuller  coverage  of  these  definition  issues,  see  i  Ks  (IflHii).  For  con¬ 
siderably  greater  detail  on  nun's  fiscal  year  ll)!)l  budget.  se<‘  tint) 
(l‘)f):!). 


112  ♦ 


Chapter  4.  Research  &  Development:  Financial  Resources  and  Institutional  Linkages 


Figure  4-15. 

Federal  obligations  for  reaearch,  by  field 


Billions  of  constant  1967  dollars 


See  appendix  tables  4-15  and  4-16. 


Figure  4-16. 

Federal  nondefense  research  funding  to 
universities,  by  mode  of  research  support 


Percent 


Individual  investigators  HH  Research  centers 

I  I  Research  teams  H  Major  facilities 

See  '  '<endix  table  4-20.  Science  S  Engineering  Indicators  -  1993 


Billions  of  constant  1987  dollars 
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advanced  technology  development  component  during 
the  mid-eighties  primarily  reflects  the  funding  for¬ 
tunes  of  Star  Wars,  the  Strategic  Defense  Initiative’s 
crash  program  for  the  deployment  of  space-based 
weapons.^^ 

More  recently,  development  funding  for  advanced 
technologies  and  funding  for  the  technology  base  have 
been  formally  incorporated  into  the  strategic  plan  under¬ 
lying  dod’s  Science  and  Technology  Program.^’’  TTie 
guiding  principle  around  which  the  program  is  orga¬ 
nized  is  that  technological  superiority  is  a  key  element  of 
deterrence  in  peacetime  and  provides  a  wide  spectrum 
of  military  options  in  times  of  crisis.  The  new  s&T  pro¬ 
gram  thus  heavily  emphasizes  government-supported 
R&D  in  order  to  maintain  the  Nation’s  defense  technolo¬ 
gy  base.  The  military  departments  and  defense  agencies 


"There  is  a  large  dip  in  advanced  technology  development  funding 
for  years  1993  and  1994  (figure  4-lS)  because  several  major  Star  Wars 
projects  moved  from  their  technology  development  phase  to  their 
strategic  development  phase.  Note  also  that  in  early  1993  the  end  of 
the  Strategic  Defense  Initiative  was  formalized  and  the  name  of  the 
administering  office  reverted  to  its  former  title,  the  Ballistic  Missile 
Defense  Organization. 

‘The  infonnation  presented  here  is  based  on  I)()I)  reports  as  of  mid- 
1992.  These  reports  (DOI)  1992a  and  1992b)  outline  the  tenets  of  an 
S&T  strategy  that,  despite  being  several  years  in  the  making,  is  still 
under  considerable  scrutiny  and  review.  Additionally,  recent  decisions 
by  the  new  administration  may  make  certain  aspects  of  the  foregoing 
discussion  inaccurate  or  obsolete. 
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Figure  4-17. 

Federal  funding  for  FCCSET  InltKatives:  1994 


Billion*  of  dollar* 

See  appendix  table  4-21 .  Science  &  Engineering  Indicators  -  1993 

will  invest  almost  $8  billion  in  fiscal  year  1994  to  support 
the  Science  and  Technology  Program,  as  follows: 

♦  $1.3  billion  in  basic  research  support  for  12  science 
and  engineering  disciplines  DOD  believes  are  not 
addressed  adequately  elsewhere — these  are,  in 
order  of  importance  as  indicated  from  estimated 
1993  funding  levels,  electronics,  ocean  sciences, 
mechanics,  materials,  physics,  chemistry,  computer 
sciences,  mathematics,  biology  and  medicine,  cog¬ 
nitive  and  neural  sciences,  atmosphere  and  space 
sciences,  and  terrestrial  sciences; 

♦  $3.1  billion  in  exploratory  development  (applied 
research)  support"’  for  11  key  technology  areas 
deemed  critical  to  future  military  needs — comput¬ 
ers,  software,  sensors,  communications  networking, 
electronic  devices,  environmental  effects,  materials 
and  processes,  energy  storage,  propulsion  and  ener¬ 
gy  conversion,  design  automation,  and  human-sys¬ 
tem  interfaces;  and 

♦  $3.6  billion  in  advanced  technology  development 
support  for  demonstration  programs'"  in  each  of 
seven  “.s&T  thnists" — global  surveillance  and  com¬ 
munication,  precision  strike,  air  superiority  and 


"ToKclher  with  basic  research,  these  funds  comprise  the  DOD  lech- 
nolofjy  base  budget  category. 

' Ont  d  of  these  activities  are  funded  through  the  .Advanced 

Kesearci. .  rojects  Agency. 


Figure4-18. 

Department  of  Oefenee  budget  for  reeeerch, 
development,  test,  and  evaluation 


Percent 


Percent 


NOTE;  ROTAE  =  research,  development,  lest  and  evaluation. 

See  appendix  tables  4-18  and  4-19. 
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defense,  sea  control  and  undersea  superiority, 
advanced  land  combat,  synthetic  environments,  and 
technology  for  affordability. 

The  facilitation  of  spin-off  technologies  from  defense 
research  to  the  civil  and  commercial  sectors  is  specifical¬ 
ly  acknowledged  as  part  of  this  S&T  strategy. 
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Independent  Research  and  Development.  In  addi¬ 
tion  to  the  federal  R&l)  obligation  support  detailed  above. 
DOD's  Independent  Research  and  Development  (iR&n) 
Program  enables  industry  to  obtain  federal  funding  for 
R&l)  conducted  in  anticipation  of  government  defense 
and  space  needs.  Because  it  is  initiated  by  private  con¬ 
tractors  themselves,  ir&d  is  distinct  from  R&i)  performed 
under  contract  to  government  agencies  for  specific  pur¬ 
poses.  IR&D  allows  contractors  to  recover  a  portion  of 
their  in-house  R&D  costs  through  overhead  payments  on 
federal  contracts  on  the  same  basis  as  general  and 
administrative  expenses.^** 

Until  very  recently,  all  reimbursable  IR&D  projects 
were  to  have  “potential  military  relevance.”  There  has 
been  some  concern  that  the  defense  drawdown  will 
serve  to  reduce  the  civilian  R&D  effort  (Cohen  and  Noll 
1992),  not  only  in  the  form  of  commercial  spillovers  from 
weapons  research  but — more  importantly — because  of 


'"See  NSB  (1991)  for  a  brief  description — and  Winston  (198.‘i)  and 
Alexander,  Hill,  and  Bodilly  (1989)  for  more  detailed  accounts — of  how 
reimbursement  for  iRiiU)  was,  at  least  until  recently,  determined.  The 
exact  process  and  criteria  for  determining  reimbursement  is,  as  of  this 
writing,  somewhat  in  flux.  The  National  Defense  Authorization  Act  for 
Fiscal  Years  1992  and  1993  (RL.  102-190)  provides  for  the  gradual 
removal  of  limitations  on  the  amount  DOI)  will  reimburse  contractors 
for  IR&I)  expenditures  and  partially  eliminates  the  need  for  advance 
agreements  and  technical  review  of  IR&I)  programs. 


Figure  4-19. 

Independent  research  and  development 
costs  and  reimbursements 


Billions  of  constant  1987  dollars 

6  I - 


1980  1982  1984  1988  1988  1990  1992 

NOTE;  IRSO  >  kxfapendent  rasaarch  and  davalopment. 
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reductions  in  DOD  procurement  (see  previous  section), 
out  of  which  IR&D  is  funded.  Given  the  importance  of 
IR&D  to  industry's  investment  in  critical  technologies 
identified  by  DOD,  the  issue  has  received  congressional 
attention  as  well.^''  Thus,  with  these  concerns  in  mind, 
the  rules  for  reimbursement  have  been  eased  (see  foot¬ 
note  48)  and  the  eligibility  criteria  broadened.  Re¬ 
imbursement  is  now  permissible  for  a  variety  of  IR&D 
projects  of  interest  to  DOD  including  those  intended  to 
enhance  industrial  competitiveness,  develop  or  promote 
dual-use  technologies,  or  provide  technologies  for 
addressing  environmental  concerns. 

In  1992,  industrial  firms  were  estimated  to  have 
incurred  $4.8  billion  in  IR&D  costs,  of  which  $4.2  billion 
were  deemed  eligible  for  reimbursement.  The  govern¬ 
ment  reimbursed  $2.3  billion,  or  48  percent  of  the  IR&D 
total.’'  This  figure  is  up  from  the  37-percent  share  ($0.9 
billion)  reimbursed  in  1980,  at  the  start  of  the  defense 
buildup.  Notably,  both  the  amounts  incurred  and  the 
amounts  reimbursed  have  held  rather  steady  since  1984: 
After  adjusting  for  inflation,  however,  these  funds  have 
declined  considerably.  (See  figure  4-19.)  As  an  equivalent 
proportion  of  combined  DOD  and  NA.SA  industrial  R&D  sup¬ 
port,  IR&D  fell  from  11  percent  in  1984  to  8  percent  in 
1992.  (See  appendix  table  4-22.)  It  remains  unclear 
whether  changes  in  the  rules  governing  IR&D  will  have 
their  intended  effect  of  maintaining  this  industrial  activity. 

A  snapshot  of  the  Nation’s  total  defense-related  R&D 
expenditures  is  obtained  by  combining  budgetary  data 
from  several  programs.  In  addition  to  the  federal  defense 
funding  component,  a  substantia]  amount  of  private  funds 
supports  activities  with  defense  purposes.  Federal  defense 
funds  comprise  DOD  spending  from  its  RDT&K  account  and 
DOE  R&D  for  its  atomic  energy  defense  activities.  As  previ¬ 
ously  mentioned,  industry  funds  considerable  iR&l)  that  is 
only  partially  reimbursed  by  the  government,  but  that 
nonetheless  has  potential  military  relevance.  Adding 
together  IR&D  costs  that  are  either  reimbursed  as  over¬ 
head  on  defense  contracts  or  not  reimbursed  increases  total 
defense  R&D  by  10  percent  for  1992.  (See  text  table  4-5.)  The 


'■’In  fiscal  year  1991.  the  military  used  S3.8  billion  of  its  Sc'ience  and 
Technology  Program’s  .$8.5  billion  research  total  on  support  for  Don's 
20  critical  technologies.  For  1990,  industiy  contractors  reported  that 
$2.0  billion  in  IK.'il)  and  $0.8  billion  in  bid  and  proposal  costs  had  been 
u.sed  to  address  the  critical  technology  goals  in  Don's  plans.  Bid  and 
proposal  costs  are  those  incurred  in  preparing,  submitting,  and  sup¬ 
porting  bids  and  proposals  on  potential  contracts,  including  technical 
background  work  (CAO  1992a). 

'T-I..  101-510.  These  changes  also  apply  to  reimbursement  eligibility 
for  industry’s  bid  and  proposal  overhead  costs. 

’'NASA  also  reimburses  some  IRiVl)  costs  and  closely  follows  not)  pro¬ 
cedures.  During  the  1980s,  the  NA.SA  reimbursements  typically  ran  less 
than  5  percent  of  those  by  Dot).  Tlie  data  reported  here  are  for  only  the 
100  or  so  major  defense  contractors  whose  accounts  are  audited  and 
reported  by  the  Defense  Contract  Audit  Agency,  in  accordance  with  I’.L 
91-441.  These  companies  account  for  an  estimated  97  ixTcent  of  all  IR&t). 

The  fiscal  year  1991  Defense  Appropriations  Act  repealed  the  provi¬ 
sions  that  required  collection  of  detailed  iK.vD  statistics.  Responding  to 
congressional  concerns  that  the  information  not  be  lost  ((..AO  1992c), 
the  data  series  has — to  date — been  maintained,  although  sampling 
coverage  has  been  reduced. 
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$44  billion  estimated  here  for  defense  would  be  equivalent 
to  29  percent  of  the  Nation’s  R&l)  total. 

Defense  Conversion:  The  Technology  Reinvest¬ 
ment  Project.  National  defense  policies  are  being 
reassessed  and  redefined,  especially  as  they  relate  to 
support  of  the  Nation's  joint  military  and  commercial  s&T 
interests.  In  particular,  large  amounts  of  money  are 
being  earmarked  to  help  smooth  the  transition  of 
defense-dependent  resources  to  commercial  and  civilian 
activities.  This  “defense  conversion  assistance”  reached 
approximately  $1.7  billion  in  fiscal  year  1993.'’-  Issues 
related  to  the  development  and  deployment  of  dual-use 
technologies — those  with  both  defense  and  nondefense 
applications — have  prominence  in  defense  conversion 
proposals. 

Certainly  the  largest  and  most  notable  of  initial  tech¬ 
nology  conversion  efforts  is  the  government-wide 
Technology  Reinvestment  Project  (TRP).  Funded  in  1993 
with  almost  $500  million  taken  out  of  the  ROT&E  budget 
of  Don’s  Advanced  Research  Projects  Agency,  TRP  is  an 
extremely  complex  mix  of  nine  individual  programs 
whose  goal  is  to  bolster  the  economic  competitiveness  of 
defense-dependent  resources  and  increase  the  availabili¬ 
ty  of  dual-use  technologies  for  national  security  purpos¬ 
es.’’-' 

Like  FCCSET,  TRP  is  a  multi-agency  cooperative  effort, 
which  is  led  by  ARPA  and  involves  NASA,  DOE,  NSF,  NIST, 
and  the  Department  of  Transportation.  AKl’A  has  primary 
responsibility  for  promoting  technology  development 
activities,  and  Nis“r  is  responsible  for  deployment  activi¬ 
ties  through  its  already  existing  Manufacturing  Exten¬ 
sion  Services. 

TRP’s  nine  programs  span  the  spectrum  from  creation 
of  technologies  to  their  commercialization  and  use;  and 
from  education  and  technology  development,  including 
spin-on  and  spin-off  technologies,''^  to  technology  deploy¬ 
ment,  including  regional  outreach  efforts.  (See  ARPA 
1993  and  figure  4-20.)  Each  program 

Ttffense  conversion  is  defined  as  the  process  by  which  the  people, 
skills,  technology,  equipment,  and  facilities  in  defense  are  shifted  into 
alternative  economic  applications.  (See  Defense  Conversion 
Commission  1992.)  Conversion  funding  goes  to  programs  covering  a 
wide  variety  of  activities  from  technology  development,  to  employee 
retraining,  to  economic  relief  for  communities  affected  by  defense 
plant  closings. 

-’Authorizing  legislation  for  TKP  comes  from  title  IV  of  the  1993 
Defense  Appropriations  Act.  which  provides  for  eight  specific  pro¬ 
grams  plus  a  T/ '-percent  small  business  set-aside  program.  Funding  is 
provided  through  AKI’A's  advanced  technology  development  budget 
even  though  not  all  activities  in  rRI’  can  rightly  be  considered  R&l). 
Hence,  not  only  are  expenditures  for  defense  versus  nondefense  R&l) 
activities  becoming  increasingly  indistinguishable  in  formal  account¬ 
ing  documents,  current  funding  trends  may  make  even  aggregate  R&Ii 
estimates  somewhat  suspect. 

■q  echnology  development  activities  are  intended  to  include  applied 
development  at  the  precompetitive  level:  basic  research  or  final  prod¬ 
uct  development  proposals  are  not  funded  here.  Spin-on  activities  are 
those  that  demonstrate  the  defense  utility  of  existing  nondefense  com¬ 
mercially  viable  technologies.  Spin-off  activities  are  those  that  demon¬ 
strate  ni  '  fense  commercial  viability  of  technologies  already  devel- 
opi'd  for ,  .mse  pur|)oses. 


Text  t!jble  4-5. 

National  defanaa-relatad  RftD  aupport:  1992 

Billions 

—  of  dollars  — 


Defense-related  R&D  investments .  44.2 

Department  of  Defense  RDT&F .  37.4 

T echnology  base .  4.1 

Research’ .  1.1 

Exploratory  development’ .  3.0 

Advanced  technology  development .  6.2 

Strategic  programs .  4.5 

Tactical  programs .  13.5 

Intelligence  and  communications .  4.6 

Defensewide  mission  support .  4.5 

Department  of  Energy  defense  R&D .  2.7 

Basic  research .  0.0 

Applied  research .  0.9 

Development .  16 

IR&D  with  potential  military  relevance .  4.2 

Reimbursed  ceiling .  2.3 

Unreimbursed  ceiling .  1.9 


NOTES:  Details  may  not  sum  to  totals  because  of  rounding. 

IR&D  =  independent  research  and  development:  RDT&E  s  research, 
development,  test,  and  evaluation. 

'In  Department  of  Defense  budgetary  documents,  ‘Resaarch*  is  often 
refened  to  as  6.1  money,  and  ‘Exploratoty  devetopmenf  as  6.2  money. 

SOURCES;  Department  of  Defense,  ROT4E  Programs  (R-1):  DOD 
Budget  for  Fiscal  Year  1994  (Washington,  DC:  The  Pentagon,  1993): 
DOD,  unpublished  tabulations:  and  Office  of  Management  and 
8udget,unpubli$hed  tabulations. 
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♦  requires  competitive  awards; 

♦  contains  participation  and  organizational  require¬ 
ments  for  the  involvement  of  firms,  universities, 
nonprofit  organizations,  and  state  and  local  govern¬ 
ment  agencies;  and 

♦  requires  at  least  50  percent  cost  sharing. 

The  three  largest  programs  collectively  account  for 
more  than  one-half  ($269  million)  of  total  TRP  funds. 
Rather  than  focus  on  developing  new  technologies,  each 
of  these  programs  is  concerned  partially  (Regional 
Technology  Alliances  Assistance  Program)  or  solely 
(Defense  Dual-Use  Assistance  Extension  Program  and 
Manufacturing  Extension  Program)  with  deploying 
existing  technology  for  near-term  commercial  and 
defense  products  and  processes. 

The  initial  indication  is  that  TRP  has  garnered  consider¬ 
able  industry  interest.  More  than  2,800  proposals  were 
submitted  for  1993  funding.  Proposed  nonfederal  match¬ 
ing  funds  totaled  $8.4  billion  in  combined  cash  and  in-kind 
contributions.  This  amount  represented  a  16-fold  oversub¬ 
scription  to  available  government  funds.  About  two-thirds 
of  the  proposals  (75  percent  of  funds)  dealt  with  develop- 
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Figure  4-20. 

RAD  fumHng  tor  detenae  conversion,  by  technology  reinvestment  program  and  activity  emphaais:  1993 
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Manufacturing  extension  program  (S87  million) 


Defense  dual-use  assistance  extension  program  ($91  million) 


Regional  technology  alliances  assistance  program  ($91  million) 


Commercial-military  integration  partnerships  ($42  million) 


Defense  dual-use  critical  technology  partnerships  ($82  million) 


Defense  advanced  manufacturing  technology  partnerships  ($24  million) 


Manufacturing  engineering  education  ($44  million) 


Manufacturing  experts  in  the  classroom  ($5  million) 
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SOURCE:  Technology  Reinvestment  Project,  Advanced  Research  Projects  Agency,  Program  information  Package  for  Defense  Technology  Conversion, 
Reinvestment,  and  Transition  AssistarKS  (Arlington,  VA;  ARPA,  1993). 
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ing  technologies,  and  one-fifth  of  the  proposals 
(in  terms  of  both  number  and  dollar  value)  focused  on 
deployment.  The  proposals  included  diverse  multi-insti¬ 
tution  and  multi-sector  research  teaming.  On  average, 
there  were  four  or  five  participants  per  TRP  proposal 
submitted. 

Industry  S&T  Linkages 

The  industrial  sector  is  both  the  largest  R&D  per- 
formei  d  the  major  R&D  funder  in  the  United  States. 


Changes  in  industry's  R&D  activities  therefore  are  not 
only  important  in  their  own  right,  but  also  as  a  barome¬ 
ter  of  activities  likely  to  be  observed  in  all  sectors  of  the 
economy.  Since  the  mid-eighties,  there  has  been  a  slow¬ 
ing  in  the  growth  rate  of  public  and  private  support  for 
industrial  R&D  activities.  Concurrent  with  the  funding 
slowdown — indeed,  partially  in  response  to  it — the  num¬ 
ber  of  cooperative  research  relationships  among  the  vari¬ 
ous  R&D-performing  sectors  of  the  economy  has 
increased  rapidly.  Within  the  industrial  sector,  firms 
have  forged  a  variety  of  domestic  and  international  coop- 
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tors  primarily  as  a  cost-effective  means  of  developing 
those  generic  technologies  crucial  to  future  sales 
growth.  Companies  also  have  established  collaborative 
arrangements  with  laboratories  outside  of  industry — 
including  government  and  university  labs — in  an  ongo¬ 
ing  effort  to  develop  external  sources  of  Ri'il)  expertise, 
discover  commercially  viable  technologies,  and  leverage 
scarce  resources.  In  this  section,  indicators  of  i  .s.  indus¬ 
try’s  intra-  and  inter-sector  R&D  partnerships  are  dis¬ 
cussed.  The  discussion  closes  by  placing  the  I’.s.  indus¬ 
try  R&l)  effort  in  a  global  context. 

Industry-Government  Interactions 

Policies  of  the  Federal  Government  influence  industri¬ 
al  R&D  activities  in  a  variety  of  ways.  Just  as  often,  howev¬ 
er,  government  policies  are  themselves  a  response  to 
independent  changes  in  the  industrial  technological 
enterprise.  In  this  section,  three  components  of  industry- 
government  s&  r  interplay  are  discussed;  direct  R&l)  sup¬ 
port,  tax  policy,  and  institutional  arrangements  for  the 
conduct  and  sharing  of  R&D.  The  focus  here  is  on  indica¬ 
tors  of  collaboration  between  firms  and  federal  laborato¬ 
ries.  The  following  sections  contain  indicators  of  other 
industry  R&n  partnerships  that  government  policy  helps 
foster. 

Direct  R&D  Support,  by  Industry.  From  the  early 
seventies  through  the  early  eighties,  the  share  of  indus¬ 
trial  R&D  activity  financed  by  the  Federal  Government 
declined  rather  steadily  from  about  40  percent  of  the  per¬ 
formance  total  to  about  a  30-percent  share  in  each  year 
from  1980  to  1984.'”  (See  figure  4-21.)  This  trend  was 
reversed  with  the  defense  buildup  of  the  1980s,  which 
brought  increased  funding  for  the  development  and 
upgrading  of  military  technologies.  This  buildup  caused 
the  percentage  gains  in  the  federal  R&D  contribution  to 
first  keep  pace  with,  and  later  slightly  surpass,  the  pri¬ 
vate  contribution.  Since  1987,  federal  support  to  industry 
has  fallen  considerably — after  adjusting  for  inflation — 
and  industry’s  R&D  self-funding  has  been  basically  flat. 
(See  “R&D  Funders.’’)  By  1993,  the  Federal  Government 
provided  just  one-fourth  of  the  money  used  to  fund 
industrial  R&D  performance:  private  financing  accounted 
for  the  remaining  three-quarters  of  industry’s  total  R&D 
expenditures. 

Two  industries  received  76  percent  ($19  billion)  of 
total  federal  R&D  support  to  the  industrial  sector  ($25  bil¬ 
lion)  in  1991,  the  most  recent  year  for  which  industry- 
specific  detail  is  available.  Aircraft  and  missile  companies 
received  a  combined  $15  billion;  firms  in  the  communica¬ 
tion  equipment  industry  were  federally  funded  at  $4  bil- 


■'These  figurfs  t-xciude  K&D  performance  within  the  various  indus¬ 
try-administered  l  I  KDCs.  Including  the  Rsl)  performed  in  those  labs — 
which  by  definition  is  l(K)-percent  federally  funded — the  federal  share 
of  total  industry  K.'il)  performance  is  1  to  it  percentage  points  higher 
each  yea 


Figure  4-21. 

U.S.  hfidustrW  RAD  •xpamOturM, 
by  aoureaoffunds 


BlWorw  o(  oonslant  1967  dollars 
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lion.'"’  The  high  concentration  of  the  federal  R&l)  budget 
in  these  two  industries  stems  from  the  funding  primacy 
of  DOD  (see  text  table  4-3),  coupled  with  the  develop¬ 
ment  emphasis  in  defense  R&D  (see  figure  4-14):  Such 
large-scale  projects  are  not  easily  sprend  among  multiple 
firms  or  multiple  industries.  For  example,  only  4  percent 
($0.9  billion)  of  federal  1991  R&D  funding  to  industry 
went  to  firms  with  500  or  fewer  employers:  84  percent  of 
such  funds  went  to  finns  with  more  than  25,000  employ¬ 
ees.  (Industry-specific  trend  data  are  displayed  in 
appendix  tables  4-31  through  4-33.  Industry-specific 
international  comparisons  are  analyzed  in  chapter  6, 
and  federal  small  business  R&l)  support  is  summarized 
in  “SBIR  Program  Continues  to  Fuel  Small  Business 
R&D.”) 

Industries  vary  considerably  in  their  dependence 
on  federal  R&D  funding.  Not  surprisingly,  aircraft  and 
missile  companies  received  especially  large  portions 
of  their  R&D  support  from  federal  sources — fully  70 
percent.  (See  figure  4-23.)  Forty  percent  of  R&D  per¬ 
formance  in  the  communication  equipment  industry 
was  federally  funded,  as  was  28  percent  of  the  entire 


"This  support  is  provided  largely  under  the  aegis  of  K.vl)  federal 
defense  contracts.  Such  contracted  R&D  exix-nditures  are  in  addition 
to  iR-yl)  overhead  allowances  to  industry  on  military  procurements  by 
the  government.  S*’i' "Independent  Research  and  Development," 
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SBIR  Program  Continues  to  Fuel  Small  Business  R&D 


Small  business  is  a  significant  source  of  innovation 
and  a  successful  mover  of  R&D  results  into  new  prod¬ 
ucts.  The  Small  Business  Innovation  Research  (SBiR) 
Program  was  created  in  1982  with  the  intent  of 
strengthening  the  role  of  small  firms  in  federally  sup¬ 
ported  R&D.  Since  that  time,  more  than  $3  billion  in 
R&D  support  has  been  competitively  awarded  to  quali¬ 
fied  small  businesses  (SBA  1992b).  Under  this  pro¬ 
gram,  which  is  coordinated  by  the  Small  Business 
Administration  (SBA).  when  an  agency’s  external  R&D 
obligations  (that  is,  those  exclusive  of  in-house  R&D 
performance)  exceed  $100  million,  the  agency  must 
set  aside  a  fixed  percentage  of  such  obligations  for 
SBIR  projects.  This  percentage  was  originally  1.25  per¬ 
cent,  but  under  the  Small  Business  Research  and 
Development  Enhancement  Act  of  1992,  it  will  rise 
incrementally  to  2.5  percent  by  1997. 

To  obtain  funding,  a  company  applies  for  a  phase  I 
SBIR  grant:  The  proposed  project  must  meet  an  agen¬ 
cy’s  research  needs  and  have  commercial  potential.  If 
approved,  grants  of  up  to  $50,000  are  made  so  that  the 
scientific  and  technical  merit  and  feasibility  of  an  idea 
may  be  evaluated.  If  the  concept  shows  potential,  the 
company  can  receive  a  phase  II  grant  of  up  to  $500,000 
to  develop  the  idea  further.  In  phase  III,  the  innovation 
must  be  brought  to  market  with  private  sector  invest¬ 
ment  and  support.  No  SBIR  funds  may  be  used  for 
phase  III  activities. 

Eleven  federal  agencies  participated  in  the  SBIR 
Program  in  1991,  making  awards  totaling  $483  million, 
an  amount  equivalent  to  0,8  percent  of  all  government 
R&D  obligations.  Although  three-fourths  of  the  grants 
awarded  were  phase  I  grants,  roughly  75  percent  of 
total  SBIR  funds  were  disbursed  through  phase  II 
grants.  Approximately  half  of  all  SBIR  obligations  were 
provided  by  DOD,  mirroring  this  agency’s  share  of  the 
federal  R&D  funding  total.  (See  appendbc  table  4-23.) 

By  most  accounts,  the  SBIR  Program  has  been  a  suc¬ 
cess.  To  SBA’s  favorable  self-assessment  of  the  pro¬ 
gram’s  commercialization  accomplishments  (SBA 
1992a)  is  added  generally  positive  critiques  fi-om  non¬ 
agency  reviewers.  For  example,  the  General 
Accounting  Office  (1992b)  estimates  that,  through 


mid-1991,  the  SBIR  program  had  generated  $1.1  billion 
in  sales  and  additional  developmental  funding,  with  $2 
billion  more  expected  by  1993  year  end.  (The  program 
also  receives  positive  reviews  when  assessed  from  a 
state  economic  development  perspective;  see 
Anuskiewcz  1992.) 

SBA  classifies  SBIR  awards  into  various  technology 
areas.  (See  appendix  table  4-24.)  In  1991,  the  technolo¬ 
gy  areas  receiving  the  largest  (value)  share  of  phase  1 
awards  were  information  processing  and  optical  lasers; 
information  processing  and  biotechnology  were  the 
leading  technology  areas  for  phase  II  awards.  In  terms 
of  all  SBIR  awards  made  during  the  1983-91  period, 
roughly  one-fifth  were  computer-related  and  one^fifth 
involved  electronics.  Both  of  these  technology  areas 
received  more  than  onf^half  of  their  support  from  DOD 
and  NASA.  One-sixth  of  all  SBIR  awards  combined  went 
to  life  science  research,  the  bulk  of  such  funding  being 
provided  by  HHS.  Materials-related  research,  which  is 
funded  largely  by  DOE  and  NSF,  accounted  for  another 
sbcth  of  total  SBIR  awards.  (See  figure  4-22.) 


Figure  4-22. 

Small  Business  Innovation  Research  awards, 
by  technology  area:  1983-91 
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See  appendix  table  4-24.  Science  S  Engineering  Indicators  -  1993 


was  federally  funded,  as  was  28  percent  of  the  entire 
electrical  equipment  industry.  The  Federal  Government 
also  provided  a  large  share  of  R&D  funding  to  certain 
nonmanufacturing  industries.  In  1991,  it  supplied  near¬ 
ly  one-third  of  the  R&D  funds  used  by  firms  whose  pri¬ 
mary  activity  involves  R&D  and  testing  services  and 
more  than  one-fourth  of  the  R&D  funds  used  by  com¬ 
puter-related  and  engineering  services  firms.  (See 
appen  '  '  table  4-34.) 


R&D  Tax  Credits.  In  addition  to  direct  financial  R&D 
support,  the  government  has  tried  to  stimulate  corporate 
spending  indirectly  by  offering  tax  credits  on  incremen¬ 
tal  research  and  experimentation  (R&E)  expenditures.  " 
The  credit  was  first  put  in  place  in  1981  and  has  since 
been  renewed  six  times — most  recently,  through  the 


■Not  all  K.vli  is  fligiblc  for  such  credit,  which  is  limited  to  exjiendi- 
tureson  lahonitorx’  or  exiH’rimental  K&D. 
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Fi{^4-23. 

Shar>  of  IntfuotrM  RAO  funding, 
by  aoureo  and  Induatry:  1981 


Company  fund*  FOdtral  funda 


100  75  SO  25  0  0  25  SO  75  100 

Percent  Percent 

See  appendtx  tables  4-31. 4-32,  and  4-33. 
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end  of  June  1995."'*  Although  the  computations  are  com¬ 
plicated,  the  tax  code  provides  for  a  20-percent  credit  for 
the  amount  by  which  a  company's  qualified  R&D  exceeds 
a  certain  threshold.  ’*'  The  Tax  Reform  Act  of  1986 
allowed  companies  to  claim  a  similar  credit  for  basic 
research  grants,  contributions,  and  contracts  to  universi¬ 
ties  and  other  qualifying  nonprofit  institutions;  this  cred¬ 
it  also  is  in  effect  through  mid-1995. 

As  part  of  the  federal  budget  process,  the  Treasury 
Department  annually  calculates  estimates  of  foregone  tax 
revenue  (“tax  expenditures”)  due  to  preferential  tax  pro¬ 
visions,  including  the  R&i:  tax  credit.  As  one  measure  of 
budgetary  effect,  the  Treasury  provides  outlay-equivalent 
figures:  These  allow  a  comparison  of  the  cost  of  this  tax 
expenditure  with  that  of  a  direct  federal  R&D  outlay.  (See 
“Definitions.")  Between  1981  and  1992,  more  than  $20  bil¬ 
lion  was  provided  to  industry  through  this  indirect  means 


-RfflectinK  the  tentative  political  support  afforded  the  credit  since 
its  inception,  it  was  allowed  to  expire  on  June  .30,  1992.  After  more  than 
a  year  in  limbo,  the  credit  was  extended  by  the  Omnibus  Budget 
Reconciliation  Act  of  1993  for  3  years  retroactive  to  July  1992. 

■'qiie  complex  base  structure  for  calculating  qualified  K&I)  spending 
was  put  in  place  by  the  Omnibus  Budget  Reconciliation  Act  of  1989. 
With  various  exceptions,  a  company's  qualifying  threshold  is  the  prod¬ 
uct  of  a  fixed-base  percentage  multiplied  by  the  average  amount  of  the 
company's  gross  receipts  for  the  1  preceding  years.  The  fixed-base 
[tercenlage  '  he  ratio  of  K.vl-:  expenses  to  gross  receipts  for  the  1984- 
88  |)eriod.  8,  .al  provisions  Cfwer  start-up  firms. 


of  federal  R&l)  support — an  amount  equivalent  to  about  3 
percent  of  direct  federal  R&D  support.  (See  appendix 
table  4-25.)  In  general,  based  on  data  available  through 
the  mid-eighties,  the  companies  that  took  the  most 
advantage  of  the  credit  were  large  firms  that  produce  sci¬ 
entific  instruments,  office  and  computing  machinery, 
chemicals,  and  electrical  equipment  (C.AO  1989).'’" 

Technology  Transfer  and  Commercialization. 

Industry  representatives  (Burton  1992)  have  sounded 
the  call  to  open  federal  labs  up  to  private  enterprise  for 
the  benefit  of  the  entire  Nation.  At  the  heart  of  this 
debate  is  the  belief  that  the  $20-plus  billion  in  research 
activities  undertaken  by  government  have — if  properly 
focused  and  directed — commercial  applicability.  (See 
“Patterns  in  Federal  Lab  R&D  Performance.”)  Federal 
concern  over  u.s.  industrial  strength  and  world  competi¬ 
tiveness  has  thereby  catalyzed  efforts  to  transfer  tech¬ 
nologies  developed  in  federal  laboratories  to  the  private 
sector.  Four  measures  of  the  extent  of  federal  technolo¬ 
gy  commercialization  efforts  and  federal-industry  collab¬ 
oration  are  presented  in  this  section — invention  disclo¬ 
sures.  patent  applications,  cooperative  research  and 
development  agreements  (CRADAs).  and  licenses  granted. 

The  term  “technology  transfer”  can  cover  a  wide  spec¬ 
trum  of  activities,  running  the  gamut  from  the  informal 
exchange  of  ideas  between  visiting  researchers  to  con¬ 
tractually  structured  research  collaborations  involving 
the  joint  use  of  facilities  and  equipment.  Only  recently, 
however,  have  technology  transfer  activities  become  an 
important  mission  component  of  federal  labs — although 
some  agencies  have  long  shared  their  research  with  the 
private  sector  (e.g.,  I'SDA’s  Agricultural  Research 
Experiment  Stations  and  NASA’s  civilian  aeronautics  pro¬ 
grams),  and  several  laws  passed  in  the  early  1980s 
encouraged  such  sharing  (notably,  the  1980  Stevenson- 
Wydler  Technology  Innovation  Act). 

One  reason  for  this  new  emphasis  on  technology 
transfer  stems  from  practical  considerations:  Industry  is 


'■"In  an  early  assessment  of  the  tax's  effect  on  R&D  spending.  Cordes 
(1989)  found  conflicting  evidence:  Studies  based  on  corporate  tax 
returns  and  on  aggregate  time-series  modeling  indicated  significant 
stimulatory  effects;  considerably  more  moderate  results  were  indicat¬ 
ed  from  studies  based  on  company^pecific  time-series  analyses,  indus¬ 
try  questionnaire  responses,  and  evidence  from  other  countries.  In 
contrast.  Hall  (1992) — using  more  recent  and  extensive  publicly  avail¬ 
able  company-specific  data  on  K&I)  spending — concludes  that  the  tax 
credit  has  had  its  intended  effect,  although  it  took  several  years  for 
firms  to  fully  adjust  R&D  spending  patterns  to  take  advantage  of  oppor 
tunities  provided  by  the  credit.  She  estimates  that  the  amount  of  addi¬ 
tional  R&D  spending  induced  by  the  credit  was  twice  the  cost  in  fore¬ 
gone  tax  revenue. 

Whatever  its  ultimate  impact  on  R&D  spending,  the  tax  credit  has 
certainly  influenced  spending  less  than  had  it  been  less  subject  to 
erratic  legislative  treatment.  The  tax  credit  has  had  to  be  repeatedly 
(almost  annually)  renewed,  its  calculation  provisions  have  changed 
considerably  over  the  years,  and  it  was  even  allowed  to  lapse  for  more 
than  a  year — all  of  which  circumstances  created  considerable  uncer¬ 
tainty  for  businesses  that  would  otherwise  have  planned  to  take  the  t;tx 
credit. 
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interested."'  federal  money  is  available,  and  jrovernment 
defense  labs  are  amenable  to  and  available  for  such 
activities  as  an  alternative  to  their  declining  defense 
work  (o  i  A  1993).  Another  reason  is  recent  legislative 
changes.  WTiereas  the  Federal  Technology  Transfer  Act 
(Fl'l'.A)  of  I98b  authorized  government-owned  and  -oper¬ 
ated  laboratories  to  enter  into  t  K.AD.As  with  private  indus¬ 
try.  it  was  not  until  the  1989  passage  of  the  National 
Competitiveness  Technology  Transfer  Act  (Ncrr.A),  that 
contractor-operated  labs  (including  DOK's  i  FRDts)  could 
also  enter  into  t'RADAs. 

According  to  most  available  indicators,  federal  efforts 
to  facilitate  private  sector  commercialization  of  federal 
technology  have  made  considerable  progress  since  1987. 
(See  figure  4-24.) 

♦  ITie  number  of  active  CR.Al)As  between  federal  labs 
and  private  industry  increased  ninefold,  rising  from 
K-S  in  1987  to  almost  97.'5  in  1991.'-  NASA  (at  25  per¬ 
cent  of  the  total)  and  l  sda  (with  18  percent  of  the 
total)  accounted  for  the  largest  number  of  CR-ADAs 
in  1991;  DDK’s  CR.ADA  total  rose  from  1  in  1990  to  43 
the  next  year. 

♦  Federal  labs  increased  their  number  of  invention 
disclosures’’"  by  60  percent,  and  more  than  doubled 
their  number  of  patent  applications  between  1987 
and  1991.  ODD  led  all  other  agencies  in  these 
efforts. 

♦  The  number  of  exclusive  and  nonexclusive  licens¬ 
ing  agreements  between  finns  and  federal  laborato¬ 
ries  increased  by  100  percent.  DOE  granted  the 
largest  number  of  licenses  (351)  to  industry  in  the 
1987-91  period. 


"Industry's  r»‘Cfnl  interest  in  federal  lab  teehnokinies  and  expertise 
is  doeumented  by  Koessnerand  Bean  (Uff),'?).  Between  lySSand  IWZ. 
there  was  a  signifieant  increase  in  both  formal  (cooperative,  contract 
and  sponsored  research,  technology  licensing,  and  employee 
exchange)  and  informal  (information  dissemination,  company  visits  to 
federal  labs,  seminars,  and  technical  consultation)  interactions 
between  federal  Itibs  and  industrial  firms.  And  although  the  frequency 
of  informal  interaction  was  more  extensive,  cooperative  research  with 
federal  labs  apparently  holds  much  promise  amonj;  company  research 
directors.  More  th:in  7(1  percent  of  them  agreed  with  this  view  in  15)92; 
only  2.A  percent  of  these  directors  had  held  this  opinion  in  198H. 
Significantly,  about  40  iH-rcent  of  the  1992  industry  respondents  said 
that  their  labs  had  interacted  "rarely"  or  not  at  all  with  federal  labs  dur¬ 
ing  the  past  2  years.  In  1988,  that  proportion  was  virtually  identical. 
The  authors  note  that  companies  with  relatively  extensive  experience 
in  working  with  federal  labs  have  increased  the  frequency  of  their 
interaction — familiarity  has  bred  collegiality.  The  greatest  increases  in 
such  interactions  have  been  in  licensing  and  cooperative  research. 

-Office  of  Technology  Commercialization  (19S)2b).  These  figures 
include  n.ls.A's  cooperative  K.vl)  agn-ements  which  are  authorized  by 
the  National  AiTonautics  and  Space  Act  of  Ih.fib.  Excluding  the  N.ASA 
totals,  there  were  731  active  c  K.'\l).\s  in  1991.  As  of  mid-1993.  those  10 
agencies,  excluding  N.AS.A,  that  have  elected  to  use  CKAD.As  had  E.'itH) 
active  or  completed  LRADAs  ((Irani  Stockdtile.  monthly). 

’  T'nder  its  Disclosure  Document  Program,  the  Patent  and  I'rade- 
mark  Office  accepts  and  preserves  for  a  2-year  period  papers  disclos¬ 
ing  an  invention,  pending  the  filing  of  an  application  for  a  patent 
(Patent  and  Trademark  Office  1989).  TTiis  disclosure  is  accepted  as 
evidei  if  when  the  invention  was  conceived;  it  does  not.  however. 
))rovio,  .ly  patent  protection. 


Figure  4-24. 

Federal  technology  transfer  Indicators 

Number 


Number 


NOTES:  CRAOA  =  cooperative  research  and  development  agreement. 
Includes  agreements  entered  into  by  NASA 

See  appendix  table  4-29.  Science  S  Engineering  Indicators  -  1993 


Industry-University  Partnerships 

Since  the  late  seventies,  there  has  been  a  considerable 
increase  in  industry's  interactions  with  university 
researchers.  By  supporting  academia,  industry’  gains 
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access  to  both  cuttinK-ecijje  research  and  a  downstream 
employment  pool.  For  entrepreneurial  university  re¬ 
searchers.  industry  collaboration  offers  an  additional 
source  of  funding  and  intellectual  stimulation,  access  to 
state-of-the  art  facilities,  and  special  educational  opportu¬ 
nities  for  their  students.  Industn'-university  interactions 
have,  during  the  past  decade  or  so,  benefited  from  a  vari¬ 
ety  of  federal  and  state  programs  set  in  place  explicitly  to 
encourage  such  collaboration.''' 

Two  indicators  of  the  expanding  industry-university 
network  are  (1)  industry’s  academic  R^yi)  ‘unding  sup¬ 
port  in  general  and  (2)  the  growth  of  university-industry 
research  centers  (flKcs)  in  particular. 

Nationwide,  industrial  sources  of  support  for  academic 
RiVD  have  grown  faster  than  all  other  sources  of  support, 
increasing  more  than  300  percent  in  constant  dollars 
from  1978  to  1993.  In  contrast,  support  from  other 
sources  has  doubled  during  this  15-year  period.  (See 
appendix  table  4-3.)  There  has.  however,  been  some 
recent  slowing  in  the  rate  of  industrial  funding  growth, 
from  annual  average  gains  of  12.3  percent  between  1978 
and  1986,  to  an  estimated  7.8-percent  increase  per  year 
since  then.  This  deceleration  in  industry’s  academic 
research  support  parallels  broader  trends  in  industrial 
R\l)  funding  documented  elsewhere  (“R&D  Funders”) 
As  a  proportion  of  the  Nation’s  total  academic  R^yf)  effort, 
industry'  sources  of  support  increased  from  3  percent  in 
1978  to  an  estimated  7  percent  (or  $1.5  billion)  in  1993. 

Although  research  funds  are  distributed  to  academic 
investigators  through  various  means,  it  would  appear 
that  the  most  used  mechanism  by  far  is  via  industry 
funding  of  university-affiliated  research  or  technology 
centers.  From  a  comprehensive  national  survey,  Cohen. 
Florida,  and  Coe  (1993)  estimate  that  the  l.OOO-plus 
l  IRc's  existing  in  1990  expended  $2.7  billion  on  Riy-I) 
activities.  I’his  research  was  funded  out  of  an  estimated 
total  riRC  budget  of  $4.3  billion;  most  of  the  remaining 
budget  was  spent  on  l  IRC  education  and  training  activi¬ 
ties.  Industry  funded  31  percent  of  t  IRC  s’  total  budget 
(see  figure  4-2.5)  which  is  a  share  that  far  exceeds  indus¬ 
try’s  overall  7-percent  academic  Riyi)  funding  share. 
Furthermore,  the  sheer  number  of  flRCs  established  in 
the  1980s — four  times  more  than  the  number  founded  in 
the  1970s — attests  to  the  growing  importance  of  these 
industry-university  partnerships.  Other  findings  of  the 
centers  study  follow. 


'Sec  Nsl!  ( l(i;il).  cli;i|)tcr  1.  lor  a  brief  review  of  the  extent  of  slate- 
initiated  aetivilies.  .An  ini|)orlanl  eomponeni  of  most  stale  leehnoloK>' 
(!evelo|)nienl  siratevies  is  to  provide  fiindiiiK  and/or  ornanizalional 
support  for  linkiiiK.  and  thereby  huildinn  on.  existing  in-slale  aeademie 
researeh  and  industrial  leehnolojjieal  streiivtlts.  I'urlherniore.  over  the 
past  two  deeades.  Nsi  initialed  several  (tronrams  in  envineeriiiK  and 
other  disciplines  to  build  research  centers  at  universities  partly  to 
encourage  inlerdisci|)linary  research  and  |)arily  to  stiniulale  interaction 
between  academia  and  industry.  I'or  further  information  on  the  impact 
ol  rjovernmenl's  lechnolotjy  policies  on  industry-university  research 
relalioushii  e  (iovernmenl-l  'nivi'isiiv-lndustiv  Ri'search  Roundtable 
(Ifi'dI. 


Figure  4-25. 

Growth  in  university-industry  research  centers, 
and  source  of  funds 


Number 


Prior  to  1950-59  1960-69  1970-79  1980-89 

1950 


Year  of  founding 

NOTES:  Data  are  for  centers  existing  in  1990.  Of  an  estimated  1 .058 

centers,  458  provided  funding  data  and  494  provided  founding  data. 

SOURCE:  W.  Cohen.  R.  Florida,  and  W.R.  Goe,  ’University  Industry 

Research  Centers  in  the  United  States:  Final  Report  to  the  Ford 

Foundation  (Pittsburgh:  Carnegie  Mellon  University.  1993). 

Science  S  Engineering  Indicators  -  1993 

♦  Company  involvement  in  l  lRCs  is  widespread:  The 
average  number  of  businesses  participating  per  cen¬ 
ter  in  1990  was  17.3.  and  the  median  was  6. 

♦  The  flRC  RA:I)  effort  is  divided  roughly  into  43  per¬ 
cent  basic  research.  41  percent  applied  research, 
and  16  percent  development. 

♦  Centers  are  involved  in  a  broad  range  of  activities, 
not  all  of  which  would  be  considered  high-technol¬ 
ogy  areas.  Of  the  502  flRC's  reporting  this  informa¬ 
tion,  42  percent  undertook  ReVD  related  to  the 
chemicals  and  pharmaceuticals  industry,  35  per¬ 
cent  reported  doing  RA.I)  related  to  computers.  29 
percent  to  electronic  equipment,  29  percent  to 
petroleum  and  coal  products,  and  26  percent  to 
software. 

♦  A  main  reason  industry  support  was  sought  by  uni¬ 
versities  was  to  offset  what  is  perceived  to  be  inade¬ 
quate  research  funding  from  government.  Yet  72 
])ercent  of  the  I  IRc  s  wt-re  established  either  wholly 
or  partially  based  on  funding  provided  by  the  federal 
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or  state  government;  of  those,  83  percent  indicated 
that  they  would  not  have  been  established  in  the 
absence  of  government  funding. 

♦  Among  the  most  effective  mechanisms  for  technol¬ 
ogy  transfer  are  collaborative  R&l)  projects  and  in¬ 
formal  meetings  between  university  and  industry 
researchers. 

Industry-Industry  Partnerships 

Although  longitudinal  data  on  multi-firm  collaborative 
R&D  activities  are  wanting,  there  is  significant  anecdotal 
evidence  to  indicate  considerable  increase  in  such  part¬ 
nerships.  There  is  also  a  growing  body  of  literature  that 
assesses  the  reasons  for  the  increase  in  these  partner¬ 
ships.  their  organizational  sti  ucture,  and  their  economic 
and  political  implications.'’’  Most  intra-industry  collabora- 


"‘.See,  for  example,  Ijnk  and  Bauer  (1989)  and  Vonortas  (1991). 


Figure  4-26. 

Growth  In  R&D  consortia  registered  under  the  National 
Cooperative  Research  Act 


Number 


NOTE:  Unshaded  part  of  1993  total  estimated  from  filings  as  of  June  1993 
(shaded  part  of  bar). 

SOURCE:  Office  of  Technology  Commercialization,  Department  of 
Commerce,  Research  and  Development  Consortia  Restored  Under  the 
National  Cooperative  Research  Act  of  1984  (Washington,  DC:  DOC,  1993). 
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tions  seem  to  be  a  response  to  the  same  competitive  fac¬ 
tors  affecting  all  industries;  rising  R&n  costs  and  risks  in 
product  development,  shortened  product  life  cycles, 
increasing  multidisciplinar>'  coinplexity  of  technologies, 
and  intense  foreign  competition  in  domestic  and  global 
markets.'^'^  It  also  would  appear  that  most  cooperative 
research  is  not  meant  to  substitute  for.  but  rather  to 
complement,  firms'  in-house  research  activities.  In  this 
section,  several  indicators  on  national  and  international 
intra-industry  cooperative  R&l)  are  discussed. 

Domestic  R&D  Consortia.  ILS.  industry  has  benefit¬ 
ed  from  certain  federal  provisions  enacted  to  create  a 
more  favorable  environment  for  multi-firm  cooperative 
relationships,  the  most  notable  being  the  National 
Cooperative  Research  Act  (.N'CRA)of  1984.  NCRA  encour¬ 
ages  research  collaboration  among  industry  competitors 
by  better  defining  joint  R&I)  ventures  ORVs)  and  protect¬ 
ing  them  from  antitmst  suits.'’’  Through  June  1993,  more 
than  350  filings  of  ILS.  cooperative  research  ventures  had 
been  registered  under  the  act  (Office  of  Technology 
Commercialization  1993a).  After  an  initial  rush  to  regis¬ 
ter  in  1985,  the  number  of  filings  fell  off  significantly  in 
the  next  few  years.  However,  since  1989,  the  number  of 
registered  JRVs  has  grown  annually,  and  had  surpassed 
its  1985  level  by  1991.  (See  figure  4-26.) 

Up  to  half  the  filings  are  for  project-specific — often 
two-member — ventures,  not  all  of  which  are  currently 
ongoing.  Many  of  the  other  JRV  formal  filings  have  been 
made  by  firms — or  their  research  organizations — in 
three  regulated  utility  industries — telecommunications, 
electric  power,  and  gas/oil.  Nonetheless,  ncra  does  seem 
to  have  encouraged  growth  in  the  number  of  multi-firm 
R&D  consortia  whose  focus  is  generic,  precompetitive 
research  projects;  and  joint  research  ventures  have  been 
registered  in  industries  with  activities  as  diverse  as  software, 
pharmaceuticals,  semiconductors,  sensors,  and  forest 
products.'^  An  indeterminate  number  of  the  registered 
consortia  have  gained  federal  support,  including  some  of 
the  more  well-known  endeavors  such  as  dod’s  funding 
for  Sematech  and  DOE’s  participation  in  the  Advanced 
Battery  Consortium.'’'' 


'*866  Douglas  (1990)  for  a  concise  summary  of  the  benefits  of  K.'.H 
collaboration,  and  Mowery  (1989)  on  research  collaboration  between 
f.s.  and  foreign  firms. 

'"NCR.^  states  that  JR\s  will  not  automatically  be  considered  illegal  as 
antk'ompetitive,  but  that  such  consortia  will  be  judged  after  weighing 
potential  benefits  and  costs.  Further.  NX  K.\  limits  potential  liability  for 
JKV  behavior  that  ultimately  is  ruled  anti-competif  e  to  actual  costs 
rather  than  treble  damages  as  is  otherwise  the  norm.  .See  Link  ind 
Tassey  (1989). 

"•The  full  extent  of  domestic  multi-firm  research  collaboration  is 
unknown.  In  fact,  one  somewhat  outdated  estimate  holds  that  up  to  ik) 
percent  of  all  f.s.  industry  cooperative  research  arrangements  in  1984 
were  informal  partnerships  (Link  and  Bauer  1989). 

""llnfortunately.  there  does  not  seem  to  be  a  comprehensive  list  on  fed¬ 
eral  participation  in,  and  support  to.  the  various  industry  Rxl)  consortia. 
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Figure  4-27. 

New  transnational  corporate  technology 
alliances,  by  Industry  and  region 


Number 


Biotecb-  New  Chemicals  Auto-  Information 
nology  materials  motive  technology 

See  appendix  table  4-42.  Science  S  Engineering  Indicators  -  1993 


International  Strategic  Technology  AlliancesJ^ 

Alongside  growth  in  domestic  collaborative  R&D  activi¬ 
ties  during  the  1980s  and  into  the  early  1990s,  there  is 
evidence  of  a  sharp  increase  in  transnational  joint 
research  funding  throughout  the  industrialized  world. 
The  number  of  international  multi-firm  R&l)  alliances 
grew  from  86  in  1973-76,  to  177  in  1977-80,  to  509  in 
1981-84,  to  988  in  1985-88  (Hagedoom  1990). 

As  the  numbers  have  increased,  the  forms  of  coopera¬ 
tive  activity  has  changed  somewhat.  The  most  prevalent 
modes  of  global  industrial  R&n  cooperation  in  the  1970s 


were  through  joint  ventures  and  research  corporations. 
In  these  arrangements,  at  least  two  companies  share 
equity  investments  to  form  a  separate  and  distinct  com¬ 
pany;  profits  and  losses  are  shared  according  to  the  equi¬ 
ty  investment.^'  In  the  second  half  of  the  1980s,  joint 
nonequity  R&D  agrt  ements  became  the  most  important 
form  of  partnership.  Under  such  agreements,  two  or 
more  companies  organize  joint  R&D  activities  to  reduce 
costs  and  minimize  risk,  while  pursuing  similar  innova¬ 
tions.  The  participants  share  technologies  but  have  no 
joint  equity  linkages. 

Formation  of  these  so-called  strategic  technology 
alliances  (both  equity  and  nonequity  arrangements)  are 
particularly  extensive  among  high-tech  firms.  Splitting 
the  past  decade  into  two  quinquennia  (1980-84  and  198S 
89)  reveals  growth  in  international  research  collabora¬ 
tion  by  firms  in  a  variety  of  industries,  with  especially 
steep  rises  in  biotechnology  and  information  technology 
areas.  (See  figure  4-27.)  The  largest  regional  growth  in 
R&D  cooperation  was  between  U.s.  and  European  firms. 
However,  there  also  was  considerable  partnership  activi¬ 
ty  between  U.S  and  Japanese  firms.  There  were  some¬ 
what  fewer — but  still  a  substantial  number  of — 
European-Japanese  strategic  technology  alliances. 

U.S.  Industry’s  Overseas  Stiff  international 

competition  in  research-intensive  and  high-technology 
products  has  compelled  U.s.  industry  to  expand  its  over¬ 
seas  research  activities.'^  Much  of  the  R&D  undertaken 
abroad  is  not  meant  to  displace  domestic  R&D,  but  rather 
to  support  overseas  business  growth — for  example,  to 
help  in  tailoring  products  for  the  specific  needs  of  for¬ 
eign  customers. 

From  1980  to  1991,  U.S.  firms  generally  increased  their 
funding  of  R&D  performed  outside  of  the  country.  (See 
appendix  table  4-40.).  During  the  first  half  of  this  period, 
however,  the  overseas  funding  growth  did  not  keep  pace 
with  the  rise  in  company-financed  R&D  performed  within 
the  United  States.  Instead,  company-financed  R&D  per¬ 
formed  abroad  was  equivalent  to  10  percent  of  the 
domestically  performed  total  in  1980  and  declined  steadi- 


'"Information  in  this  section  is  drawn  from  an  extensive  database 
compiled  in  the  Netherlands  (Maastricht  Kconomic  Research  Institute 
on  Innovation  and  Technology's  Co-Operative  Agreements  and 
Technology  Indicators  database — MKRIT-C  ATI)  on  nearly  10,000  inter¬ 
firm  cooperative  agreements  involving  3.1)00  different  parent  compa¬ 
nies.  In  the  t'ATI  database,  only  inter-firm  agreements  that  contain 
some  arrangements  for  transferring  technology  or  joint  research  are 
collected.  The  data  summarized  here  (from  Hagedoorn  and 
Schakeiiraad  1093)  are  restricted  to  strategic  technology  partnerships 
such  as  joint  ventures  for  which  KSD  or  technology  sharing  is  a  major 
objective,  research  corporations,  joint  K.vl)  pacts,  and  minority  hold¬ 
ings  coupled  with  research  contracts,  t  All  is  a  literature-based 
database;  its  key  sources  are  newspapers,  journal  articles,  books,  and 
s|X-cialized  journals  that  report  on  business  events.  C  An's  main  draw¬ 
backs  and  limitations  are  that  (1)  data  are  limited  to  activities  publi¬ 
cized  by  the  firm,  (2)  agreements  involving  small  firms  are  likely  to  be 
underrepresented.  (3)  reports  in  the  popular  press  are  likely  to  be 
incomfilel)-.  anrl  (4)  it  probably  reflects  a  bias  because  it  draws  primari¬ 
ly  from  Kn.  -language  materials,  c  Al  l  infonualion  shoidd  therefore 
be  viewed  as  judicative  and  not  comprehensive. 


'■Joint  ventures  are  companies  that  have  shared  K&t)  as  a  specific 
company  objective,  in  addition  to  production,  marketing,  sales,  etc. 
Research  corporations  are  joint  Rftt)  ventures  with  distinctive  research 
programs, 

■^-The  indicators  discussed  here  reveal  the  growth  in  industrial  glob¬ 
al  R*-i)  activities.  Public  sector  international  s&T  linkages  are  also  on 
the  rise.  See,  for  example  Carnegie  Commission  (1992b)  for  a  review 
of  recent  trends  in  t:.s.  foreign  s&t  policy,  including  a  summary  of  sev¬ 
eral  indicators  (for  example,  changes  in  State  Department  s&T  staffing 
and  the  number  of  international  S&T  agreements).  See  also  the  short 
OKCT)  treatise  (1993b)  and  rc'AST  (1992)  on  big  science  funding.  The 
high  costs  of  scientific  megaprojects  increasingly  necessitates  interna¬ 
tional  collaboration. 

'■‘Companies  consider  several  factors  before  undertaking  R&D  over¬ 
seas;  Market  access  and  accommodation  of  local  requirements  are  but 
two  of  these  factors.  Tax  and  regulatory  policies,  as  well  as  the  avail¬ 
ability  of  trained  researchers  and  access  to  new  scientific  and  techno¬ 
logical  developments  in  other  countries,  also  influence  R&t)  location 
decisions. 
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Figure  4-28. 
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ly  to  a  low  of  6  percent  by  1985.  Since  then,  however,  u.s. 
firms’  overseas  R&D  component  has  increased  nine  times 
faster  than  that  performed  domestically  (11.4  versus  1.3 
percent  average  annual  constant  dollar  growth  between 
1985  and  1991).  Overseas  R&D  is  now  equivalent  to  more 
than  1 1  percent  of  industry’s  on-shore  R&D  expenditures. 
(See  figure  4-28.) 

U.S.  companies  and  their  foreign  subsidiaries  in  the 
chemicals  (including  drugs  and  medicines),  transporta¬ 
tion,  and  machinery  (including  computers)  industries 
account  for  the  largest  shares  and  growth  of  this  foreign- 
based  R&D  activity.  Indeed,  drug  companies  accounted 
for  19  percent  of  total  1991  overseas  R&D  ($8.7  billion), 
which  was  equivalent  to  27  percent  of  the  industry’s 
domestically  financed  R&D.  Nonmanufacturing  industries 
had  the  lowest  share  of  privately  financed  R&D  conduct¬ 
ed  overseas,  despite  a  fivefold  increase  in  this  share 
since  198.5 — rising  from  0.4  to  2.0  percent  in  1991. 

Most  of  the  U.s.  overseas  R&D  is  undertaken  in  Europe. 
As  indicated  by  data  from  the  Bureau  of  Economic 
Analysis  (bka)  on  majority-owned  foreign  affiliates  of 
nonbank  u.s.  multinational  companies,  76  percent  of  the 
1991  R&D  total  was  performed  in  Europe — primarily  Ger¬ 
many  (27  percent),  the  United  Kingdom  (17  percent). 
France  (9  percent),  and  Ireland  (6  percent).  By  affiliate 
industry  classification,  more  than  one-half  of  the  German- 
based  R&D  was  performed  by  transportation  equipment 
compr  's;  in  the  United  Kingdom  and  France,  the 
chemicais  industry  accounted  for  more  than  one-third  of 


the  totals:  in  Ireland,  computer-related  research  domi¬ 
nates.  R&D  in  Canada  accounts  for  11  percent  of  U.S 
companies’  1991  R&D  performed  abroad,  and  that  in 
Japan  for  6  percent.'^  (See  text  table  4-6  and  appendix 
table  4-41.) 

According  to  bea  (Mataloni  1992),  the  majority-owned 
foreign  affiliate  share  of  U.s.  multinational  companies’ 
worldwide  R&D  expenditures  increased  from  9  percent  in 
1982  to  13  percent  in  1990.  This  increase  reflects  both 
the  faster  growth  in  foreign  operations  than  in  U.S.  opera¬ 
tions  and  the  introduction  of  u.s.  computer  manufactur¬ 
ers  to  foreign  research  consortia  as  they  sought  to  share 
the  cost  of  developing  new  technologies. 

Foreign  R&D  in  the  United  States/  '  Since  1981,  the 
percentage  of  industry  R&D  expenditures  financed  from 
foreign  sources  has  risen  considerably  in  each  of  the 
seven  largest  R&D-performing  countries  except  Japan. 
Foreign  R&D  accounts  for  more  than  10  percent  of 
industry’s  1990  total  in  the  United  States,  Canada,  the 
United  Kingdom,  and  France;  and  for  more  than  3  per¬ 
cent  of  industry  funds  in  Italy  and  Germany.  Indeed, 
according  to  OECD  data  (1993a)  on  the  12  nations  that 
comprise  the  European  Community.™  the  combined 
share  of  their  industries’  R&D  performance  that  is  for¬ 
eign  controlled  has  risen  from  less  than  5  percent  in 
1981  to  8  percent  in  1990.  The  foreign  component  of 
Japan’s  domestic  industrial  R&D  performance  has  held 
steady  during  the  1981-91  period  at  about  0.1  percent. 
(See  figure  4-29  and  “R&D  Funding  by  Source  and 
Performer.’’) 

Like  u.s.  firms’  overseas  R&D  funding  trends,  R&D 
activity  by  foreign-owned  companies  in  the  United  States 
has  increased  significantly  since  the  early  eighties.  From 
1980  to  1990,  inflation-adjusted  R&D  growth  from  foreign 
firms  (u.s.  affiliates  in  which  the  foreign  parent  owns  10 
percent  or  more  of  the  voting  equity)  averaged  14  per¬ 
cent  per  year,  or  more  than  three  times  the  rate  of 


^*These  overseas  R&D  country  shares  are  from  the  BKA  survey  on 
U.S.  Direct  Investment  Abroad  (bea  annual  series),  not  the  NSF  data 
series  from  which  industry-specific  shares  are  taken.  The  definition 
used  by  BEA  for  R*n  expenditures  is  from  the  Financial  Accounting 
Standards  Board  Statement  No.  2:  these  expenditures  include  all 
charges  for  Rsl)  performed  for  the  benefit  of  the  affiliate  by  the  affili¬ 
ate  itself  and  by  others  on  contract.  BEA  detail  are  available  for  1982. 
and  annually  since  1989.  n.se  reports  a  1991  overseas  R&i)  total  of  $8.7 
billion;  BEA  estimates  overseas  R&i)  expenditures  by  u.s.  companies 
and  their  foreign  affiliates  at  $9.4  billion. 

^’’For  countries  other  than  the  United  States,  the  data  in  this  section 
are  taken  from  OECD  (1993a).  The  foreign-sourced  R&n  data  for  the 
United  States  come  from  an  annual  survey  of  Foreign  Direct  Invest¬ 
ment  in  the  United  States  conducted  by  BKA.  BKA  reports  that  the  for¬ 
eign  R&i)  totals  are  comparable  to  the  U.s.  r&d  business  data  pub¬ 
lished  by  NSE.  Industry-specific  comparisons,  however,  are  limited 
due  to  differences  in  the  industry  classifications  used  by  the  two  sur¬ 
veys.  (See  Quijano  1990.) 

■These  countries  are  Belgium,  Denmark,  France,  Germany,  Greece, 
Ireland,  Italy,  Luxembourg,  the  Netherlands,  Portugal,  Spain,  and  the 
United  Kingdom.  See  also  OECI)  (1992)  for  a  discussion  of  international 
R&i)  investment  trends. 
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Text  table  4-6. 

R&D  performed  for  majority-owned  foreign  affiiiates  of  U.S.  parent  companies,  by  selected  country 
and  industry  of  affiliate;  1991 


Manufacturing 

All  Total  Electrical  Transportation 

Country  industry  manufacturing  Chemicals  Machinery  equipment  equipment  Services 

- Millions  of  dollars - 


Total . 

.  9,358 

8,057 

2,354 

1,443 

737 

2,220 

502 

Europe . 

.  7,109 

6,208 

1,836 

1,094 

465 

1,888 

468 

Germany . 

.  2,503 

2,384 

267 

270 

118 

1,443 

70 

United  Kingdom . 

.  1,612 

1,377 

540 

195 

52 

325 

136 

France . 

.  871 

685 

434 

36 

27 

55 

10 

Ireland . 

.  573 

D 

15 

513 

24 

0 

D 

Italy . 

.  327 

285 

144 

23 

31 

42 

24 

The  Netherlands . 

.  477 

314 

97 

5 

D 

4 

148 

Canada  . 

.  1,037 

854 

217 

D 

78 

227 

6 

Asia  and  the  Pacific . 

.  914 

717 

231 

99 

165 

43 

26 

Japan . 

.  595 

451 

174 

38 

120 

4 

5 

Singapore . 

.  87 

70 

1 

46 

24 

0 

7 

Australia . 

.  144 

122 

39 

6 

6 

D 

7 

Latin  America . 

.  253 

239 

61 

D 

11 

62 

1 

Brazil . 

.  149 

148 

21 

21 

7 

D 

• 

Mexico . 

.  64 

57 

21 

D 

4 

D 

• 

Middle  East’ . 

.  30 

26 

2 

3 

18 

0 

1 

Africa^ . 

.  15 

13 

8 

2 

0 

* 

0 

*  =  less  than  SSCXl.OOO;  D  =  withheld  to  avoid  disclosing  operations  of  individual  companies. 

NOTES:  Data  are  preliminary  and  include  foreign  direct  investments  of  nonbank  U.S.  affiliates  only.  Data  are  from  the  Bureau  of  Economic  Analysis:  the 
National  Science  Foundation  estimates  that  R&D  performed  abroad  for  U.S.  companies  and  their  foreign  affiliates  totaled  $8.7  billion  in  1991 . 

'Ninety  percent  of  the  R&D  total  is  undertaken  in  Israel. 

^Eighty  percent  of  the  R&D  total  is  undertaken  in  South  Africa. 

SOURCE:  Bureau  of  Economic  Analysis.  Department  of  Commerce,  U.S.  Direct  Investment  Abroad:  Operations  of  U.S.  Parent  Companies  and  Their  Foreign 
Affi//a(es  (Washington,  DC:  Government  Printing  Office,  1993). 


growth  in  domestic  R&D  activities  by  u.s.  companies  (4.4 
percent)."' 

Much  of  this  foreign  R&n  growth  was  undertaken  dur¬ 
ing  the  last  half  of  the  decade,  just  as  U.S.  firms’  domestic 
R&I)  investments  were  falling  off.  As  a  result,  foreign  R&D 
was  equivalent  to  11  percent  of  the  total  industrial  R&D 


HKA  considers  all  of  an  investment  (including  K&D)  to  be  foreign  if 
in  percent  or  more  of  the  investing  I’.s.-incorporated  firm  is  foreign- 
owned.  These  R.vl)  expenditures  are  reported  in  appendix  table  4-43, 
Special  tabulations  were  prepared  by  ni:.\  to  reveal  R,vl)  expenditures 
in  the  United  States  of  those  firms  in  which  there  is  majority  foreign 
ownership — i.e.,  .SO  percent  or  more.  For  1990,  the  KFpercent  foreign 
ownership  threshold  results  in  an  estimated  $11.3  billion  foreign  KsD 
investment  total.  R.vl)  expenditures  of  majority-owned  t  .s.  affiliates  of 
foreign  companies  were  .$8.4  billion. 

Funding  trends  of  these  two  groupings  are  quite  similar.  From  1980 
to  1990,  inflation-adjusted  R\I)  spending  of  majority-owned  foreign 
firms  was  up  3.S0  percent,  whereas  that  of  firms  with  10  percent  or 
more  forei'  wnership  (including  majority-owned  firms)  rose  slightly 
more.  370  p  ent.  See  appendix  table  4-45. 


performance  in  the  United  States  in  1990 — almost  double 
that  of  its  equivalent  6-percent  share  in  1985.  Alter¬ 
natively.  as  a  percentage  of  total  foreign  and  U.s.  firms’ 
industrial  R&D  funding,  foreign  companies  accounted  for 
15  percent  in  1990  (majority-owned  affiliates  accounted 
for  11  percent)  compared  to  a  9-percent  share  in  1985. 
Although  the  R&D  flows  from  other  European  countries 
also  increased  steadily  over  the  past  decade,  80  percent 
of  this  foreign  funding  came  from  five  countries — 
Canada,  the  United  Kingdom,  Germany.  Switzerland, 
and  Japan.  Japanese  firms  increased  their  R&D  invest¬ 
ment  in  the  United  States  more  rapidly  than  did  compa¬ 
nies  from  the  other  nations. 

Foreign-funded  research  was  in  1990  concentrated  in 
three  industries — industrial  chemicals  (funded  predomi¬ 
nantly  by  German  and  Canadian  firms),  drugs  and  medi¬ 
cines  (mostly  from  Swiss  and  British  firms),  and  electrical 
equipment  (one-fourth  of  which  came  from  German  affili¬ 
ates).  These  three  industries  accounted  for  three-fifths  of 
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Figure  4-29. 

Portion  of  Industry  domestic  RAO  psrformsncs 
finsncsd  from  foreign  sources,  by  country 

Percent 


NOTES:  For  United  States,  foreign  expenditures  are  from 
companies  with  at  least  IQ^rcent  foreign  ownership.  German  data 
are  for  the  former  West  Germany  only. 

See  appendix  table  4-43.  Science  i  Engineering  imUcators  -  1993 


Foreign-funded  research  was  in  1990  concentrated  in 
three  industries — industrial  chemicals  (funded  predomi¬ 
nantly  by  German  and  Canadian  firms),  drugs  and  medi¬ 
cines  (mostly  fi'om  Swiss  and  British  firms),  and  electrical 
equipment  (one-fourth  of  which  came  fi'om  German  affili¬ 
ates).  These  three  industries  accounted  for  three-fifths  of 
total  1990  foreign  R&D  investment — $11.3  billion.  (See  text 
table  4-7  and  appendbc  tables  4-43  and  4-44.) 

Concurrent  with  the  rapid  growth  in  foreign  R&D 
expenditures  in  the  United  States,  the  establishment  of 
R&D  facilities  here  by  foreign  companies  has  accelerated. 
According  to  a  recent  survey  (Dalton  and  Serapio  1993), 
there  were  255  foreign-owned  free-standing  R&D  facilities 
in  the  United  States  in  1992.  About  half  of  these  had 
been  established  during  the  previous  6  years.'*  Other 
significant  findings  of  this  study  follow. 

♦  R&D  facilities  of  Japanese  firms  outnumber  those  of 
all  other  countries  combined.  Japanese  companies 


^These  counts  are  for  only  those  facilities  (R&D  center.  R&D  compa¬ 
ny,  or  R&D  laboratory)  that  are  50-percent  or  more  owned  by  a  foreign 
parent  company.  An  R&D  facility  typically  operates  under  its  own  bud¬ 
get,  and  is  located  in  a  free-standing  structure  outside  of  and  separate 
from  the  other  U.,S.  facilities  (e.g..  sales  and  manufacturing  facilities)  of 
the  parent.  This  definition  of  an  R&D  facility  consequently  excludes  R&D 
departments  or  sections  within  i:,s.  affiliates  of  foreign-owned  companies. 


Text  table  4-7. 

RAD  performed  In  the  United  States  by  affiliates  of  foreign  companies,  by  selected  country 
and  Industry  of  affiliate:  1990 


Manufacturing 


All 


Total 


Country 


Drugs  and  Other 


Electrical 


industry  manufacturing  medicine  chemicals  Machinery  equipment  Instruments 


-Millkxts  of  dollars - 


Total . 

Europe . 

United  Kingdom. . . 

Germany . 

Switzerland . 

France . 

The  Netherlands  . . 

Canada  . 

Asia  and  the  Pacific . 
Japan . 

Latin  America . 

Middle  East . 

Africa . 


11,324 

7,412 

1,864 

1,754 

1,657 

810 

805 

1,955 

1,497 

1,215 

381 

26 

51 


9,737 

6,328 

1,639 

1,649 

1,457 

724 

510 

1,910 

1,197 

921 

D 

D 

D 


2,375 

2,808 

1,138 

1,639 

371 

2,117 

1,432 

518 

1,162 

309 

766 

193 

163 

131 

103 

— 

■{924J - 

50 

477 

79 

1,098 

15 

— 

-{190] - 

79 

D 

D 


42921- 


(1331 

(1291 


D 

5 

0 


1 

9 

601 

471 

3 

6 

2 


D 

D 

161 

112 


D 

0 


25 


21 

2 

D 


NOTES:  Includes  R&D  of  affiliates  in  which  the  foreign  parent  owns  10  percent  or  more  of  the  voting  equity.  Majority-owned  affiliates  of  foreign  companies 
spent  $8.4  billion  on  R&O  performed  in  the  United  States  in  1990.  *  =  less  than  $500,000;  0  s  withheld  to  avoid  disclosing  operations  of  individual  companies. 

SOURCE:  Bureau  of  Economic  Analysis,  Department  of  Commerce,  Foreign  Direct  Investment  in  the  United  States:  Operations  of  U.S.  AfRItates  of  Foreign 
Companiea  (Washington,  DC:  Government  Printing  Office,  1992). 
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Text  table  4-8. 

Number  of  foreign  R&D  facilities  located  in  the  United  States,  by  selected  industry  and  country:  1992 


United  South  Switzer- 

Industry  Total  Japan  Germany  Kingdom  France  Korea  land  Other 

Biotechnology .  74  17  12  13  11  0  11  10 

Automotive .  41  30  7  0  0  3  0  1 

Computers .  27  20  3  0  0  4  0  0 

Software .  24  21  2  0  0  1  0  0 

Semiconductors .  24  18  2  0  0  3  0  1 

Telecommunications .  22  14  3  0  0  1  0  4 

Opto-electronics .  11  8  3  0  0  0  0  0 

High-definition  TV .  9  7  1  0  1  0  0  0 

Medical  equipment .  3  1  2  0  0  0  0  0 


SOURCE:  D.H.  Dalton  and  M.G.  Serapio.  Jr.,  U.S.  Research  Facilities  of  Foreign  Companies  (Washington,  DC:  Department  of  Commerce,  Technology 
Administration/Japan  Technology  Program,  1993). 
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♦  rill'  activities  of  these  foreign  facilities  were  highly 
concentrated  in  the  biotechnology  (74  facilities), 
automotive  (41),  computers  (28),  and  computer 
software  (20)  industries. 


♦  Foreign  R&I)  facilities  are  heavily  concentrated  in 
some  areas  of  the  country,  notably  California’s  Silicon 
Valley  and  greater  Los  Angeles:  Detroit;  Boston: 
Princeton,  New  Jersey;  and  Research  Triangle  Park, 
North  Carolina. 


References 


Advanced  Research  Projects  Agency.  1993.  Program 
Information  Package  for  Defense  Teehnology  Conver¬ 
sion.  Reinvestment,  and  Transition  Assistance.  Arling¬ 
ton.  VA:  Technologv'  Reinvestment  Project. 

Alexander.  A.J..  P.T.  Hill,  and  S.J.  Bodilly.  1989.  The 
Defense  Department's  Support  of  Industry's  Independent 
Research  and  Development:  Analyses  and  Evaluation. 
R-3()49-AC().  .Santa  Monica.  CA:  RAND  Corporation. 

Alic.  J.,  L.  Branscomb,  H.  Brooks,  A.  Carter,  and  G.  Ep¬ 
stein.  1992.  Beyond  Spinoff:  Military  and  Commercial 
Technologies  in  a  Changing  World.  Boston:  Harvard 
Business  School  Press. 

American  Association  for  the  Advancement  of  Science 
(AAA.S).  Annual.  Research  and  Development.  Annual 
series.  Washington.  DC. 

Anuskiewcz,  '1'.  1992.  “SBlR’s  First  Decade — Results, 
Benefits,  Problems  from  a  Michigan  Perspective.”  The 
Journal  of  Technology  Transfer  Vo\.  17,  No.  1:  8-17. 

Battelle  Memorial  Institute.  1993.  Probable  Levels  of  R&D 
Expenditures  in  1993:  Eorecast  &  Analysis.  Columbus. 
OH:  Battelle. 

Brown,  (i.E.  1992.  Report  of  the  Task  Eorce  on  the  Health 
of  Research:  Chairman's  Report  to  the  Committee  on 
Science.  Space,  and  Technology.  Washington.  DC; 
Government  Printing  Office  (GPO). 

Bureau  of  lu'onomic  Analysis  (BEA),  Department  of 
Commerce.  Annual.  U.S.  Direct  Investment  Abroad: 
Operations  of  U.S.  Parent  Companies  and  their  Eoreign 
Affilii  .  Washington,  DC:  GPO. 


- .  Annual.  Eoreign  Direct  Investment  in  the  United 

States:  Operations  of  U.S.  Affiliates  of  Eoreign  Com¬ 
panies.  Washington.  DC:  GPO. 

Burton.  D.F.  1992.  Industry  as  a  Customer  of  Eederal 
Laboratories.  Washington,  DC:  Council  on  Competi¬ 
tiveness. 

Carnegie  Commission  on  Science,  Technology,  and 
Government.  1992a.  Environmental  Research  and 
Development:  Strengthening  the  Eederal  Infrastructure. 
New  York:  Carnegie  Commission 

- .  1992b.  Science  and  Technology  in  U.S.  Inter¬ 
national  Affairs.  New  York:  Carnegie  Commission. 

- .  1992c.  Science,  Technology,  and  the  States  in  America's 

Third  Century.  New  York;  Carnegie  Commission. 

Cheney.  D.  1993.  Annual  Report  of  the  Secretary  of  Defense 
to  the  President  and  the  Congress.  Washington,  DC: 
GPO. 

Clinton,  W.J..  and  A.  Gore.  1993.  Technology  for  America's 
Economic  Growth,  A  New  Direction  to  Build  Economic 
Strength.  Washington,  DC:  Executive  Office  of  the 
President. 

Cohen,  L.  R..  and  R.  G.  Noll.  1993.  “Research  and  Devel¬ 
opment.”  Setting  National  Priorities:  What  Can  Govern¬ 
ment  Do?,  edited  by  H.  J.  Aaron  and  C.  L.  Schultze: 
223-26.'5.  Washington,  DC:  Brookings  Institution. 

Cohen,  W.,  R.  Florida,  and  W.R.  Goe.  1993  “University 
Industry  Research  Centers  in  the  United  States;  Final 
Report  to  the  Ford  Foundation."  Pittsburgh:  Carnegie 
Mellon  University. 


128  « 


Chapter  4  Research  &  Development:  Financial  Resources  and  Institutional  Linkages 


Congressional  Budget  Office  (CBO).  1991.  How  Federal 
Spending  for  Infrastructure  and  Other  Public  Invest¬ 
ments  Affects  the  Economy.  Washington,  DC. 

Congressional  Research  Service  (CRS).  1986.  Science 
Policy  Study  Background  Report  No.  8:  Science  Support 
by  the  Department  of  Defense.  Printed  for  use  of  the 
Committee  on  Science  and  Technology.  Washington, 
DC:  GPO. 

Cordes,  J.J.  1989.  ‘Tax  Incentives  and  R&D  Spending:  A 
Review  of  the  Evidence.”  Research  Policy  18: 119-33. 

Dalton,  D.H.,  and  M.G.  Serapio,  Jr.  1993.  U.S.  Research 
Facilities  of  Foreign  Companies.  NTIS  PB93-134328. 
Washington,  DC:  National  Technical  Information 
Service. 

Davey,  M.E.  1992.  DOD’s  Federally  Funded  Research  and 
Development  Centers  (FFRDCs).  CRS  Report  for  Con¬ 
gress.  Washington,  DC:  CRS. 

Defense  Conversion  Commission.  1992.  Adjusting  to  the 
Drawdown.  Washington,  DC:  Department  of  Defense. 

Department  of  Defense.  Not  dated.  Department  of  De¬ 
fense  In-House  RDT&E  Activities  Report  for  Fiscal  Year 

1990.  Prepared  for  the  Office  of  the  Secretary  of 
Defense.  Washington,  DC:  The  Pentagon. 

- .  1992a.  Defense  Science  and  Technology  Strategy. 

Washington,  DC:  Director  of  Defense  Research  and 
Engineering. 

- .  1992b.  DOD  Key  Technologies  Plan.  Washington, 

DC:  Director  of  Defense  Research  and  Engineering. 

- .  1993.  RDT&E  Programs  (R-1):  DOD  Budget  for 

Fiscal  Year  1994.  Washington,  DC:  The  Pentagon. 

Douglas,  J.  1990.  “Consortia  for  R&D  Advantage.”  EPRI 
Journal.  (March):  5-15. 

General  Accounting  Office  (GAO).  1989.  The  Research 
Tax  Credit  Has  Stimulated  Some  Additional  Research 
Spending.  GAO/GGD-89-114.  Washington,  DC. 

- .  1992a.  Defense  Industrial  Base:  DOD  Needs  Better 

Method  of  Identifying  Critical  Technology  Funding. 
GAO/NSIAD-92-13.  Washington,  DC. 

- .  1992b.  Federal  Research:  Small  Business  Inno¬ 
vation  Research  Shows  Success  but  can  be  Strengthened. 
GAO-RCED-92-37.  Washington,  DC. 

- .  1992c.  Government  Contracting:  Proposed  Regu¬ 
lation  Would  Limit  DOD’s  Ability  to  Review  IR&D/B&P 
Program.  GAO/NSIAD-92-265.  Washington,  DC. 

Govemment-University-Industry  Research  Roundtable. 

1991.  Industrial  Perspectives  on  Innovation  and  Inter¬ 
action  with  Universities.  Washington,  DC:  National 
Academy  Press. 

Gramp,  K.,  A.  Teich,  and  S.  Nelson.  1992.  Federal  Fund¬ 
ing  for  Environmental  R&D:  A  Special  Report.  Wash¬ 
ington,  DC:  AAAS. 

Grant  Stockdale,  Publisher.  Monthly.  Cooperative  Tech¬ 
nology  R&D  Report.  Washington,  DC. 


Hagedoom,  J.  1990.  “Organizational  Modes  of  Inter-firm 
Co-operation  and  Technology  Transfer”  Technovation, 
Vol.  10,  No.  1:  17-30. 

Hagedoorn,  J.  and  J.  Schakenraad.  1993.  "Strategic 
Technology  Partnering  and  Internationa)  Corporate 
Strategies,”  European  Competitiveness.  (Kirsty 
Hughes,  editor).  Cambridge:  CUP,  60-86. 

Hall,  B.  1992.  “R&D  Tax  Policy  during  the  Eighties: 
Success  or  Failure.”  Paper  prepared  for  the  National 
Bureau  of  Economic  Research  Tax  Policy  Conference. 
Washington,  DC,  November  17. 

Industrial  Research  Institute.  1993.  “Industrial  Research 
Institute’s  Annual  R&D  Trends  Survey.”  Research 
Technology  Management  Vol.  36,  No.  1: 12-14. 

International  Science  Policy  Foundation  (ISPF).  1993. 
Outlook  on  Science  Policy  Wo\.  15,  No.  1.  London:  ISPF 

Irvine,  J.,  B.R.  Martin,  and  P.A.  Isard.  1990.  Investing  in 
the  Future:  An  International  Comparison  of  Govern¬ 
ment  Funding  of  Academic  and  Related  Research. 
Sussex,  England:  Science  Policy  Research  Unit. 

Jankowski,  J.E.  1993.  “Do  We  Need  a  Price  Index  for 
Industrial  R&D?”  Research  Policy  22: 195-205. 

Link,  A.N.  Forthcoming.  “On  the  Classification  of  R&D,” 
Final  report  to  the  National  Science  Foundation. 

Link.  A.N.,  and  LL  Bauer.  1989.  Cooperative  Research  in 
U.S.  Manufacturing:  Assessing  Policy  Initiatives  and 
Corporate  Strategies.  Lexington,  MA'  Lexington  Books. 

Link,  AN.,  and  G.  Tassey,  eds.  1989.  Cooperative  Research 
and  Development:  The  Industry-University-Govemment 
Relationship.  Norwell,  MA:  Kluwer  Academic 
Publishers. 

Long,  W.F..  and  D.J.  Ravenscraft.  1993.  “The  Impact  of 
Corporate  Restructuring  on  Research  and  Develop¬ 
ment.”  NSF  Grant  No.  SRS-901 1666.  Washington.  DC. 

Mansfield,  E.  1993.  “Academii  Research  Underlying 
Industrial  Innovations:  Sources  and  Characteristics." 
Paper  presented  at  the  105th  annual  meeting  of  the 
American  Economic  Association,  Annaheim,  CA, 
January  5-7. 

Martin,  B.R.,  and  J.  Irvine.  1992.  ‘Trends  in  Government 
Spending  on  Academic  and  Related  Research:  An 
International  Comparison.”  Science  and  Public  Policy. 
October:  311-319. 

Mataloni,  R.J.  Jr.  1992.  “U.S.  Multinational  Companies: 
Operations  in  1990”  Survey  of  Current  Business. 
August:  60-78.  Washington,  DC:  BEA 

Meyer-Krahmer,  F.  1992.  “The  German  R&D  System  in 
Transition:  Empirical  Results  and  Prospects  of  Future 
Development.”  Research  Policy  21:  423-436. 

Mowery,  D.C.  1989.  “Collaborative  Ventures  Between 
U.S.  and  Foreign  Manufacturing  Firms”  Research 
Policy  18: 19-32. 


Science  &  Engineering  Indicators  -  1993 


♦  129 


Mowery,  D.C.,  and  N.  Rosenberg.  1993.  “The  U.S. 
National  Innovation  System”  in  National  Innovation 
Systems:  A  Comparative  Analysis,  Richard  R.  Nelson 
(ed.);  29'75.  New  York;  Oxford  University  Press. 

Narin,  F.  and  K.A.  Stevens.  1993.  “Research  I.evel  Tabu¬ 
lations  for  U.S.  Sectors  and  Major  Countries.”  Interim 
report  prepared  for  the  National  Science  Foundation. 
NSF  Grant  No.  SRS-9301815.  Haddon  Heights,  NJ: 
CHI  Research,  Inc. 

National  Academy  of  Sciences.  1993.  Interim  Report: 
Redeploying  Assets  of  the  Russian  Defense  Sector  to  the 
Civilian  Sector.  Committee  on  Enterprise  Management 
in  a  Market  Economy  Under  Defen.se  Conversion. 
Washington,  DC. 

National  Academy  of  Sciences,  National  Academy  of 
Engineering,  and  Institutes  of  Medicine.  1993.  Science, 
Technology,  and  the  Federal  Government:  National  Goals 
for  a  New  Era.  Washington  DC:  National  Academy 
Press. 

National  Institutes  of  Health  (NIH).  1992.  NIH  Data  Book 
1992.  NIH  92-1261.  Bethesda,  MD. 

National  Science  Board  (NSB).  1991.  Science  &  Engineering 
Indicators — 1991.  NSB  91-1.  Washington,  DC:  GPO. 

- .  1992a.  The  Competitive  Strength  of  U.S.  Industrial 

Science  and  Technology:  Strategic  Issues.  NSB  92-138. 
Washington,  DC:  GPO. 

- .  1992b.  A  Foundation  for  the  21st  Century:  A  Pro¬ 
gressive  Framework  for  the  National  Science  Found¬ 
ation.  A  report  of  the  NSB  Commission  on  the  Future 
of  the  National  Science  Foundation.  Washington,  DC. 

Office  of  Management  and  Budget.  1993.  “Federal  Re- 
-search  and  Development  Expenditures."  Budget  of  the 
United  States  Government:  Fiscal  Year  1994.  Wash¬ 
ington.  DC:  GPO. 

Office  of  Science  and  Technology  Policy.  (OSTP)  1992. 
Trends  in  the  Structure  of  Federal  Science  Support. 
Report  of  the  Federal  Coordinating  Council  for  Science, 
Engineering,  and  Technology  (FCCSET).  Washington, 
DC;  GPO. 

- .  1993.  FCCSET  Initiatives  in  the  FY 1994  Budget. 

Washington.  DC:  GPO. 

Office  of  Technology  Assessment  (OTA).  1991.  Federally 
Funded  Research:  Decisions  for  a  Decade.  OTA-SET- 
490.  Washington,  DC:  GPO. 

- .  1993.  Defense  Conversion:  Redirecting  R&D.  OTA- 

ITE-552.  Washington,  DC:  GPO. 

Office  of  Technology  Commercialization,  Department  of 
Commerce  (DOC).  1993a.  Research  and  Development 
Consortia  Registered  Under  the  National  Cooperative 
Research  Act  of  1984.  As  of  June  22.  Washington,  DC: 
DOC. 

- .  1993b.  Technology  Transfer  Under  the  Stevenson- 

Wydler  Technology  Innovation  Act:  The  Second  Biennial 
Report.  Washington,  DC;  DOC. 


Organisation  for  Economic  Co-operation  and  Develop¬ 
ment  (OECD).  1981.  The  Measurement  of  Scientific 
and  Technical  Activities:  Proposed  Standard  Practice 
for  Surveys  of  Research  and  Experimental  Development. 
(Frascati  Manual:  1980) .  Paris. 

- .  1992.  Science  and  Technology  Policy:  Review  and 

Outlook,  1991.  Paris. 

- .  1993a.  “Main  Science  and  Technology  Indica¬ 
tors.”  On  diskettes  (as  of  May  1993).  Paris. 

- .  1993b.  Megascience  and  its  Background.  Paris. 

Patent  and  Trademark  Office,  Department  of  Commerce. 
1989.  Basic  Facts  about  Patents.  Washington,  DC: 
(iPO. 

President’s  Council  of  Advisors  on  Science  and  Tech¬ 
nology  (PCAST).  1992.  Megaprojects  in  the  Sciences. 
Washington,  DC:  OSTP. 

Quijano,  A.M.  1990.  “A  Guide  to  BEA  Statistics  on  Foreign 
Direct  Investment  in  the  United  States.”  Survey  of 
Current  Business  Vol.  70,  No.  2:  29-37.  Washington,  DC; 
BEA. 

Reid,  Proctor.  1993.  Prospering  in  a  Global  Economy:  Mas¬ 
tering  a  New  Role.  National  Academy  of  Engineering. 
Washington,  DC;  National  Academy  Press. 

Renshaw,  V.,  E.A.  Trott,  and  H.L.  Friedenberg.  1988. 
“Gross  State  Product  by  Industry,  1963-86.”  Survey  of 
Current  Business  Vol.  68,  No.  .3:  30-46.  Washington, 
DC:  BEA. 

Roessner,  J.D.,  and  A.S.  Bean.  1993.  “Industry  Inter¬ 
action  with  Federal  Labs  Pays  Off.”  Research  Tech¬ 
nology  Management  Vol.  36,  No.  .3:  38-40. 

Sanders,  D.  1993.  “Achieving  Public  Ends  with  Private 
Means:  The  Government's  Acquisition  of  R&D  from 
FFRDCs.”  Proceedings  of  the  1993  Acquisition  Research 
Symposium.  (June  21-23):  31-43.  Rockville,  MD:  Defense 
Systems  Management  College  and  the  National  Con¬ 
tract  Management  Association. 

Schuttinga,  James.  1993.  Biomedical  Research  and 
Development  Price  Index.  Bethesda,  MD:  NIH. 

Science  Resources  Studies  Division  (SRS),  National 
Science  Foundation  (NSF).  1989.  Geographic  Patterns: 
R&D  in  the  United  States.  NSF  89-317.  Washington, 
DC:  NSF. 

- .  1990.  Research  and  Development  Expenditures  of 

State  Government  Agencies:  Fiscal  Years  1987  and 
1988.  NSF  90-309.  Washington,  DC:  NSF. 

- .  1991.  International  Science  and  Technology  Data 

Update:  1991.  NSF  91-309.  Washington,  DC;  NSF. 

- .  1992a.  National  Patterns  of  R&D  Resources:  1992, 

Final  Report.  NSF  92-330.  Washington,  DC:  NSF. 

- .  1992b.  Selected  Data  on  Research  and  Development 

in  Industry  1990.  NSF  92-317.  Washington.  DC;  NSF. 

- .  1993a.  Academic  Science/Engineering:  R&D  Ex¬ 
penditures,  Fiscal  Year  1991.  NSF  93-308.  Final.  Wash¬ 
ington,  DC:  NSF. 


130  ♦ 


Chapter  4.  Research  &  Development.  Financial  Resources  and  Institutional  Linkages 


- ,  1993b.  Federal  R&D  Funding  by  Budget  Function, 

Fiscal  Years  1992-94.  NSF  93-311.  Washington,  DC:  NSF. 

- .  1993c.  Human  Resources  Jbr  Science  and  Technology: 

The  Asian  Region.  NSF  93-303.  Washington  DC:  NSF. 

- .  1993d.  “U.S.  Expenditures  on  R&D  Expected  to 

Increase  in  1993.”  SRS  Data  Brief  No.  6.  Washington, 
DC:  NSF. 

- .  1993e.  Selected  Data  on  Federal  Funds  for  Re¬ 
search  and  Development:  Fiscal  Years  1991,  1992,  and 
1993.  NSF  93-319  Final.  Washington.  DC:  NSF. 

Small  Business  Administration  (SBA).  1992a.  Results  of 
Three-Year  Commercialization  Study  of  the  SBIR 
Program.  Washington,  DC. 


- .  1992b.  Small  Business  Innovation  Development 

Act:  9th  Annual  Report.  Washington,  DC. 

Swinbanks,  D.  1993.  “Research  Spending  is  Almost  Flat 
for  Leading  Japanese  Companies”  Nature.  Vol.  361 
(March  18)  193. 

Vonortas,  N.S.  1991.  Cooperative  Research  in  R&D- 
Intensive  Industries.  Brookfield,  VT:  Gower  Publishing 
Company. 

Ward.  M.  1985.  Purchasing  Power  Parities  and  Real 
Expenditures  in  the  OECD.  Paris:  OECD. 

Winston,  j.D.  1985.  Defense-Related  Independent  Research 
and  Development  in  Industry.  Q125  U.S.  Dl.  Wash¬ 
ington,  DC:  CRS. 


Chapter  5 
Academic  Research 
and  Development: 
Financial  Resources, 
Personnel,  and  Outputs 


CONTENTS 

Highlights . 132 

Introduction . 134 

Chapter  Background . 134 

Chapter  Organization . 134 

Financial  Resources  for  Academic  R&D . 134 

Academic  R&D  in  a  National  Context . 134 

Sources  of  Funds . 135 

Distribution  of  R&D  Funds  Across  Academic  Institutions . 136 

Industrial  Support  of  R&D  at  Specific  Academic  Institutions . 136 

Academic  R&D  Expenditures  by  Field  and  Funding  Source . 137 

The  Nature  of  Engineering  Research  at  U.S.  Universities . 138 

Support  of  Academic  R&D  by  Federal  Agencies . 138 

The  Spreading  Institutional  Base  of  Federally  Funded  Academic  R&D  138 
An  Update  on  Congressional  Earmarking  to  Universities  and  Colleges.  .  139 

Federal  Academic  Research  Funding  by  Mode  of  Support . 140 

Academic  R&D  Facilities  and  Instrumentation . 141 

Doctoral  Scientists  and  Engineers  Active  in  Academic  R&D . 143 

Trends  in  the  Number  and  Characteristics  of  Academic  Researchers  .  143 

Changes  in  the  Survey  of  Doctorate  Recipients . 144 

Academic  Researchers  by  Field . 144 

Women  in  Academic  R&D . 144 

Minorities  in  Academic  R&D . 145 

Teaching  and  Research  as  Primary  Work  Responsibility . 146 

Changing  Age  Structure  of  Academic  Researchers . 147 

Research  Participation . 147 

Participation  of  Graduate  Students  in  Academic  R&D . 148 

Federal  Support  of  Academic  S&E  Researchers . 148 

Multiple  Versus  Single  Agency  Support . 150 

Outputs  of  Academic  R&D:  Scientific  Publications  and  Patents  . .  149 

World  Literature  in  Key  Journals . 149 

U.S.  and  World  Publications  in  Biology  and  Biomedical  Research . 152 

Patents  Awarded  to  U.S.  Universities . 152 

Income  From  Patenting  and  Licensing  Arrangements . 153 

1.53 


References 


132  ♦ 


Chapter  5  Academic  Research  and  Development 


HIGHLIGHTS 


Fi  nding  for  Ac  ademic  R&D 

♦  The  1980s  and  early  1990s  saw  a  continuation 
of  a  trend — observed  over  the  last  several 
decades — toward  an  increasing  role  for  academ¬ 
ic  performers  in  total  H.S.  research  and  devel¬ 
opment  (R&D).  From  1980  to  1993,  academic  perfor¬ 
mance  rose  from  just  above  $6  billion  to  an  estimated 
$20.6  billion  (in  current  dollars),  increasing  from  a 
9.8-percent  share  to  a  12.8-percent  share  of  total  I'.s. 
R&l)  performance. 

♦  During  the  1980-93  period,  average  annual 
growth  was  much  stronger  for  the  academic 
sector  than  for  any  other  R&D-performing  sec¬ 
tor,  an  estimated  5.2  percent,  compared  to  around  2 
or  3  percent  for  federal,  industrial,  and  nonprofit  labs. 
This  trend  has  continued  in  recent  years:  Average 
annual  growth  for  the  academic  sector  between  1991 
and  1993  was  again  estimated  at  5.2  percent. 

♦  The  federal  share  of  academic  R&D  support  has 
continued  to  decline  as  other  support  sources 
have  outpaced  its  growth  rate.  In  1993,  federal 
sources  provided  an  estimated  55.5  percent  of  aca¬ 
demic  R&D  support,  down  from  67.5  percent  in  1980. 
In  constant  dollars,  however,  academic  R&D  financed 
by  federal  support  increased  by  59.4  percent  during 
this  same  period. 

♦  After  the  Federal  Government,  the  academic 
institutions  that  performed  the  R&D  provided 
the  second  largest  share  of  academic  R&D  sup¬ 
port.  From  1980  to  1993,  the  institutional  share  grew 
from  13.8  percent  to  an  estimated  20.2  percent  of  aca¬ 
demic  R&D  expenditures. 

♦  Industrial  R&D  support  to  academic  institutions 
has  grown  more  rapidly  than  support  from 
other  sources  in  recent  years.  In  constant  dollars, 
academic  R&D  financed  by  industry  increased  by  an 
estimated  265  percent  from  1980  to  1993.  Industry’s 
share  grew  from  3.9  percent  to  an  estimated  7.3  per¬ 
cent  during  this  period. 

♦  There  has  been  a  significant  increase  in  the 
number  of  universities  and  colleges  receiving 
federal  R&D  support  during  the  past  two 
decades.  In  1991,  759  academic  institutions  received 
R&D  support  from  the  Federal  Government,  com¬ 
pared  to  565  in  1971. 


Faciuties  and  Instruments 

♦  Construction  projects  initiated  between  1986 
and  1991  are  expected  to  produce  over  32  mil¬ 
lion  square  feet  of  new  research  space  and  over 
33  million  square  feet  of  renovated  research 
space  when  completed.  Both  the  new  and 
repaired/renovated  space  will  exceed  the  equivalent 
of  a  quarter  of  existing  space. 

♦  The  amount,  adequacy,  and  condition  of  s&E 
research  space  at  the  Nation’s  research-per¬ 
forming  institutions  are  all  reported  as  having 
increased  or  improved  between  the  1988-89 
and  1992-93  periods.  However,  34  percent  of  the 
institutions  still  reported  that  the  amount  of  their 
research  space  was  inadequate  in  1992-93. 

♦  The  country’s  IJ.S.  research  universities  have 
recently  begun  to  show  a  decline  in  expendi¬ 
tures  from  current  funds  on  academic  R&D 
instrumentation.  This  decline  follows  a  pattern  of 
large  increases  in  investment  throughout  most  of  the 
1980s.  Constant  dollar  expenditures  for  academic 
research  instrumentation  averaged  7.7  percent  annu¬ 
al  growth  for  federal  support  and  10.4  percent  for 
nonfederal  support  between  1982  and  1989.  In  recent 
years  this  trend  has  reversed,  with  federal  support 
declining  by  5.5  percent  and  nonfederal  support  by 
1.5  percent  overall  between  1989  and  1991. 

Characteristics  of  Doctoral  Researchers 

IN  Academic  R&D 

♦  The  rapid  increase  in  the  number  of  doctoral 
academic  researchers,  evident  throughout  the 
1980s,  appears  to  have  leveled  off  for  all  fields 
but  the  computer  sciences.  Total  employment 
between  1989  and  1991  was  stable  for  most  natural 
science  fields  and  may  have  declined  somewhat  for 
the  social  sciences  and  psychology. 

♦  The  a^ng  of  the  academic  research  workforce 
appears  to  be  reversing.  In  1973,  only  25  percent 
of  academic  researchers  had  earned  their  Ph.D. 
more  than  15  years  earlier;  this  fraction  was  47  per¬ 
cent  by  1989,  but  dropped  to  43  percent  by  1991. 
Scientists  and  engineers  who  had  received  their  doc¬ 
torates  in  the  past  7  years  made  up  a  growing  share 
of  all  academic  researchers. 
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♦  During  the  1980s,  a  growing  fraction  of  aca¬ 
demic  scientists  and  engineers  reported  being 
active  in  research.  This  trend,  which  held  for 
most  age  groups  in  all  fields,  has  also  been 
slowed  or  arrested.  Between  1979  and  1989,  the 
proportion  of  all  academic  doctoral  scientists  and 
engineers  whose  primary  or  secondary  work  activity 
was  research  rose  from  67  to  78  percent.  However, 
little  change  was  apparent  between  early  U)89  and 
late  1991. 

Women  .\nd  Minorities  in  Ac.ade.mic  R&D 

♦  The  number  of  doctoral  women  scientists  and 
engineers  employed  in  academia  more  than 
doubled  from  1979  to  1991,  and  the  number 
active  in  academic  R&D  almost  tripled.  In  1991. 
women  represented  19  percent  of  all  doctoral  aca¬ 
demic  researchers;  almost  half  of  female  researchers 
were  active  in  the  life  sciences. 

♦  The  overall  number  of  black,  Hispanic,  and 
Native  American  researchers  remains  low.  In 

1991,  these  minority  groups  accounted  for  5  percent 
of  academic  doctoral  researchers,  up  from  2  percent 
in  1979.  ITieir  increasing  share  among  researchers  is 
roughly  in  line  with  their  growing  share  of  academic 
employment. 

♦  Asians  are  increasingly  prominent  in  academic 
R&l).  Asians  constituted  10  percent  of  academic 
researchers  in  1991,  up  from  4  percent  in  1979 — an 
increase  roughly  proportional  to  their  overall  aca¬ 
demic  employment  growth. 

Si  ppoRT  OF  Academic  Research  Per.sonnee 

♦  Another  trend  showing  signs  of  slowing  or 
reversing  is  the  rising  proportion  of  academic 
researchers  receiving  federal  support.  During 
the  198()s,  an  increasing  fraction  of  researchers  in  all 
fields,  except  ll...  social  sciences,  received  such  sup¬ 
port.  But  from  1989  to  1991,  the  proportion  of 
researchers  with  Federal  Government  support 
remained  stable  or  declined  for  most  fields. 


OiTPii's  OF  Academic  R&D 

♦  U.S.-based  authors  continue  to  account  for  35 
percent  of  all  publications  in  a  set  of  about 
3,500  major  l  .s.  and  international  technical 
journals.  ITiis  proportion  represents  a  modest  1  per¬ 
centage  point  loss  of  world  share  since  1981,  follow¬ 
ing  a  gradual  decline  during  the  197()s.  However, 
stronger  gains  and  losses  were  experitmeed  over  the 
decade  in  specific  fields  and  specialties,  notably  loss¬ 
es  of  3  to  .5  percentage  points  in  engineering/tech¬ 
nology  and  clinical  medicine. 

♦  An  increase  in  international  coauthorship  is  evi¬ 
dent  in  every  major  field  and  for  most 
countries.  About  11  percent  of  the  world’s  articles 
were  coauthored  internationally,  double  the  percent¬ 
age  of  a  decade  earlier. 

♦  In  the  United  States,  there  is  increasing  coau¬ 
thorship  of  articles  produced  by  industry-based 
scientists  and  engineers  with  those  in 
academia.  In  1991,  about  35  percent  of  these  articles 
had  university  researchers  as  coauthors,  up  from  22 
percent  a  decade  earlier. 

♦  Patenting  by  U.S.  universities  continued  its 
rapid  increase  into  1991.  In  1991,  1,324  patents 
were  awarded  to  I  .s.  academic  institutions,  com¬ 
pared  with  437  a  decade  earlier.  The  strongest 
growth  occurred  in  health-  and  biomedical-related 
areas. 

♦  The  largest  research  universities  continued  to 
account  for  a  laiige  and  growing  share  of  all  aca¬ 
demic  patents.  However,  the  20  largest  institutions 
(by  total  research  volume)  and  those  below  rank  1(X) 
are  receiving  a  declining  share  of  academic  patents, 
while  those  ranking  21  to  100  have  been  gaining 
share,  due  to  the  more  rapid  growth  of  patenting 
activity'  in  this  segment. 
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Introduction 

Chapter  Background 

Academic  research  and  development  is  an  inte¬ 
gral  part  of  the  national  KiV;|)  enterprise.  ITie  sector  now 
accounts  for  an  estimated  12.8  percent  of  national  Kit) 
expenditures  and  more  than  half  of  national  basic- 
research  expenditures.  This  chapter  addresses  the  fol¬ 
lowing  three  principal  aspects  of  academic  Ritl): 

♦  financial  resources:  sources  of  funding,  distribution 
among  institutions  and  disciplines,  the  Federal 
Government’s  funding  role,  the  spreading  institu¬ 
tional  base  of  federally  financed  academic  R^rD.  and 
the  financing  of  academic  R&I)  facilities  and  instru¬ 
mentation; 

♦  doctoral  personnel:  characteristics  of  doctorate-level 
scientists  and  engineers  employed  by  academic- 
institutions;  and 

♦  research  outputs:  the  academic  sector’s  publications 
and  patents. 

Chapter  Organization 

The  chapter  opens  with  a  discussion  of  trends  in  finan¬ 
cial  resources  provided  for  academic  R&I),  including  allo¬ 
cations  across  both  institutions  and  fields.  Since  the 
Federal  Government  has  been  the  primary  source  of 
support  for  academic  R&l)  for  over  half  a  century,  its  role 
is  explored  in  greater  detail.  For  the  first  time  in  the 
Science  &  Engineering  Indicators  series,  data  are  present¬ 
ed  on  changes  in  the  number  of  academic  institutions 
receiving  federal  R&t)  support.  Another  new  item  is  a 
brief  discussion  of  changes  in  the  modes  of  federal 
research  support  to  academic  institutions  over  the  past 
decade.  Also,  due  to  an  increasing  interest  in  and  sup¬ 
port  for  expanded  university-industry  interactions,  the 
section  includes  a  focused  examination  of  growth  in 
industrial  funding  of  academic  Rc'tl).  Finally,  data  are 
included  on  funding  trends  for  two  key  elements  of  uni¬ 
versity  infrastructure — facilities  and  instrumentation. 

The  second  section  of  the  chapter  covers  the  academ¬ 
ic  R&o  workforce.  It  focuses  on  doctoral  scientists  and 
engineers  working  in  science  and  engineering  (s&E) 
who  earned  their  doctorates  at  U.s.  institutions.  Trends 
in  the  growth  of  various  disciplines  and  in  the  numbers 
of  women  and  minorities  in  academic  R&I)  fields  are 
addressed.  Also  presented  are  new  information  about 
the  changing  age  structure  of  academic  researchers,  the 
trend  toward  increased  research  participation  in  aca¬ 
demia,  and  the  extent  of  federal  support  provided  to  aca¬ 
demic  doctoral  researchers.  Included  for  the  first  time  is 
a  discussion  of  changes  in  the  number  and  percentage  of 
federally  supported  academic  researchers  receiving  sui> 
port  from  multiple — as  opposed  to  from  a  single — feder¬ 
al  agency.  The  section  also  includes  a  brief  discussion  of 
the  ni  'ter  of  graduate  students  involved  as  research 
assistaiiis  in  academic  R&D. 


The  chapter’s  final  section  discusses  the  outputs  of 
academic  R&D,  specifically  the  number,  subjects,  and 
authors  of  articles  published  in  scientific  and  technical 
journals  worldwide;  and  trends  in  the  number  of  patents 
issued  to  I'.s.  universities. 

Financial  Resources  for  Academic  R&D 

This  section  focuses  on  the  levels  and  sources  of  sup¬ 
port  for  RcXi)  activities  at  l  .s.  universities  and  colleges.' 
Beginning  with  an  examination  of  the  role  of  academic 
R&D  in  the  context  of  the  national  Rv<:I)  system,  it  covers 
R&l)  funding  patterns  in  terms  of  funding  sources  and 
their  distribution  among  academic  institutions  and 
across  SiViK  fields.  The  role  of  both  industry  and  the 
Federal  Government  in  supporting  Ri'il)  at  universities 
and  colleges  is  explored  in  some  detail.  Specifically,  data 
are  presented  on  the  increase  in  the  share  of  acadeniic 
R\I)  support  provided  by  industry,  the  expansion  in  the 
number  of  academic  institutions  receiving  federal  sup¬ 
port.  and  the  changing  modes  of  federal  R&I)  support. 
Aspects  of  academic  Ri'i:!)  facilities  and  instrumentation, 
including  the  levels  of  investment  made  in  these  during 
the  1980s  and  characteristics  of  both  the  facilities  and 
instrumentation  stock,  are  also  examined. 

Academic  R&D  in  a  National  Context- 

In  1993,  an  estimated  $20.0  billion  was  spent  for  R&I)  at 
I'.s.  academic  institutions.  *  This  level  of  expenditure  rep¬ 
resents  a  continuing  trend,  observed  over  the  last  several 
decades,  of  an  increasing  role  for  academic  performers  in 
total  l^s.  RXD.  Academic  R<x.l)  in  1993  made  up  an  estimat¬ 
ed  12.8  percent  of  total  R^tl),  compared  with  about  10  per¬ 
cent  in  1980  and  about  9  percent  in  1970.  During  the 
1970-93  period,  the  proportion  of  total  r.s.  research' 
expenditures  in  academic  institutions  rose  from  24  per¬ 
cent  to  an  estimated  28.6  percent.  (See  figure  !>1.) 

In  constant  1987  dollars,  average  annual  R^il)  growth 
between  1980  and  1993  was  much  stronger  for  the 
academic  sector  than  for  any  other  Ri'iD-performing 


'Data  in  this  seition  come  from  several  different  Natior.al  Science 
l  oiindation  (Nsr)  surveys;  these  do  not  always  use  comparable  defini¬ 
tions  or  methodologies.  Nsi  's  three  main  surveys  involvinR  academic 
K.vl)  are  (1)  the  Federal  Funds  for  Research  and  Development  SuA'ey: 
(2)  the  Federal  Support  to  Universities.  Colleges,  and  Selected 
.Nonprofit  Institutions  Survey;  and  (If)  the  Scientific  and  Kngineering 
Fixpenditures  at  Universities  and  Colleges  Survey.  'Hie  results  from 
this  last  are  based  on  data  obtained  directly  from  universities  and  col¬ 
leges;  tlie  former  two  surveys  collect  data  from  federal  agencies.  For 
descriptions  of  the  methodologies  of  these  and  selected  other  NSI-  sur¬ 
veys,  see  SKS  (1987). 

-'rhis  discussion  is  based  on  data  in  sks  (1992b)  and  unpublished 
tabulations.  I-'nr  more  information  on  national  K.vD  expenditures,  see 
chapter  4.  "National  R.vD  Spending  Fattems." 

In  this  section,  academic  institutions  generally  comprise  institutions 
of  higher  education  that  grant  doctorates  in  science  or  engineering 
and/or  spend  at  least  $.fiO,(XK)  for  separately  budgeted  R.vl).  I'ederally 
funded  research  and  development  centers  associated  with  universities 
are  tallied  separately  and  are  examined  in  greater  detail  in  chapter  4. 

'Includes  basic  research  and  applied  research. 
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Figure  5-1 . 

Academic  R&D  and  research  as  a  proportion 
of  U.S.  totais 


Percent 


NOTES;  Academic  research  includes  basic  research  and  applied 
research.  Data  for  1992  and  1993  are  estimates. 

See  appendix  tables  4-4,  4-5,  and  4-6. 
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sector — an  estimated  5.2  percent,  compared  to  about  3.1 
percent  for  federally  funded  research  and  development 
centers  (FFRDCs)  and  other  nonprofit  laboratories,  3  per¬ 
cent  for  industrial  laboratories,  and  1.7  percent  for  feder¬ 
al  laboratories.  The  rate  of  growth  for  academic  R&D 
ft'om  1992  to  1993  is  estimated  at  5.3  percent,  which  is 
basically  the  same  average  annual  growth  rate  this  sec¬ 
tor  has  maintained  since  1980.  As  a  proportion  of  the 
gross  domestic  product,  academic  R&D  rose  significantly 
between  1980  and  1993,  from  0.22  to  0.33  percent. 

Academic  R&D  activities  are  concentrated  at  the 
research  (basic  and  applied)  end  of  the  R&D  spectrum 
and  do  not  include  much  development  activity.’  Of  1993 
academic  R&D  expenditures,  an  estimated  66  percent 
went  for  basic  research,  26  percent  for  applied  research, 
and  8  percent  for  development.  (See  figure  5-2.) 

Sources  of  Funds 

The  Federal  Government  continues  to  provide  the 
majority  of  funds  for  academic  R&D,  but  participation  by 
other  sectors  has  been  growing  more  rapidly  than  that  of 
the  Federal  Government  in  recent  years.  This  circum¬ 
stance  has  resulted  in  a  decline  in  the  federal  share  of 
academic  R&D.  (See  figure  ,5-3.) 

In  1993,  the  Federal  Government  provided  an  estimat¬ 
ed  55.5  percent  of  the  funding  for  R&D  performed  in 


’NotwithstanciinK  this  delineation.  "R.s.1)" — rather  than  just  "res«>arch” — 
is  us«  (I  thri  out  this  disi'ussion,  since  almost  all  of  the  data  collected 
on  acadeniii  ...vl)  do  nf)t  differentiate  between  “K"  and  "li." 


academic  institutions,  down  from  67.5  percent  in  1980. 
and  70.5  percent  in  1970.  Following  is  a  discussion  of  the 
contributions  to  academic  R&D  made  by  the  other  sec¬ 
tors. 

♦  Institutional  funds:  Institutional  funds  are  separately 
budgeted  funds  an  academic  institution  spends  on 
R&I),  including  unreimbursed  indirect  costs  associ¬ 
ated  with  R&I)  projects  financed  by  outside  organiza¬ 
tions  and  mandatory  cost  sharing  on  federal  and 
other  grants.  These  are  the  second  largest  source 
of  academic  R&D  funds.  From  1980  to  1993,  the 
institutional  share  grew  from  13.8  percent  to  an  esti¬ 
mated  20.2  percent  of  all  academic  R&I)  expendi¬ 
tures.  The  major  sources  of  institutional  funds  are 
(1)  general-purpose  state  or  local  government 
appropriations,  (2)  general-purpose  grants  from 
industry,  (3)  tuition  and  fees,  and  (4)  endowment 
income."  There  is  some  concern  that  part  of  the 


"Another  potential  source  of  institutional  funds  is  income  from 
patents  or  licen.ses.  See  “Income  From  I’alentinK  and  IJcensin^  .Ar¬ 
rangements"  later  in  this  chapter  for  a  discussion  of  this  subject. 


Figure  5-2. 

National  and  academic  R&D  expenditures, 
by  character  of  work  and  performer:  1993 


Percent 


Academic  R&D  National  R&D  Basic  research  Applied  research 
($20.6  billion)  ($160  8  billion)  ($26.2  billion)  ($39.7  billion) 

n  Development  |  Academia  Q  Industry 

I  Applied  Research  Q  Federal  |  FFRDCs 

□  Basic  Research  Government  g 

NOTES:  Data  are  estimates.  FFRDC  =  federally  funded  research  and 
development  center. 

See  appendix  tables  4-4,  4-5,  4-6  and  5-1 . 

Science  5  Engineering  Indicators  -  1993 


136  ♦ 


Chapter  5  Academic  Research  and  Development 


increase  in  the  importance  of  institutional  funds  is 
due  to  accounting  changes. 

♦  State  and  local  government  funds:  Tire  share  of  aca¬ 
demic  Ri'il)  funding  provided  by  state  and  local  gov¬ 
ernment  has  remained  constant  over  the  past 
decade  at  about  8  or  9  percent.  This  share,  howev¬ 
er,  only  reflects  funds  directly  targeted  to  academic 
R\.I)  activities,  and  consequently  understates  the 
total  contribution  of  state  and  local  governments. 

♦  Other  sources  of  funds:  Other  sources  of  support 
include  grants  for  Rtyi)  from  nonprofit  organizations 
and  voluntary  health  agencies,  as  well  as  all  other 
sources  not  elsewhere  classified.  Between  1990  and 
1993,  this  source  of  academic  R^il)  support 
increased  from  about  7  percent  to  an  estimatt'd  8 
percent. 

♦  Industry  fiends:  The  funds  provided  by  the  industrial 
sector  for  academic  R&l)  grew  faster  than  did  fund¬ 
ing  from  any  other  source  during  the  past  two 
decades.  Industry  increased  its  share  from  3.9  per¬ 
cent  in  1980  to  an  estimated  7.3  percent  in  1993. 
Moreover,  industry's  contribution  to  academia  rep¬ 
resented  about  1.8  percent  of  all  industry-funded 
R&U  in  1993,  compared  to  0.8  percent  in  1980,  and 
0.6  percent  in  1970. 

Patterns  of  sectoral  funding  of  academic  R&D  vary 
depending  on  the  type  of  academic  institution  involved. 
That  is.  private  and  public  universities  differ  in  their 
major  sources  of  Ri'il)  support.  (See  appendix  table  .5-3.) 
For  public  academic  institutions,  just  over  11  percent  of 
R&l)  funding  in  1991  came  from  state  and  local  funds  and 
about  24  percent  from  institutional  funds.  Private  aca¬ 
demic  institutions  received  only  2.5  and  10  percent  of 
their  funding,  respectively,  from  these  sources.  Between 
1981  and  1991,  the  federal  share  of  support  declined  for 


Figure  5-3. 

Sources  of  academic  R&D  funding,  by  sector 

Percentage  of  funding 


1973  1975  1977  1979  1981  1983  1985  1987  1989  1991  1993 

NOTE:  Data  for  1992  and  1993  are  estimate'? 

See  ap  ix  table  5-2.  Science  &  Engineering  Indicators  -  1993 


both  public  and  private  institutions,  dropping  from  60  to 
51  percent  for  public  institutions  and  from  79  to  71.5 
percent  for  private  institutions.  Both  public  and  private 
institutions  received  approximately  7  percent  of  their 
respective  R&D  support  from  industry  in  1991. 

Distribution  of  R&D  Funds  Across 
Academic  Institutions 

Most  academic  R&D  is  now,  and  has  been  historically, 
concentrated  in  relatively  few  of  the  3,600  higher  educa¬ 
tion  institutii  ns  in  the  United  States.'  In  fact,  if  all  such 
institutions  are  ranked  by  their  1991  R&D  expenditures, 
the  top  200-ranked  institutions  account  for  96  percent  of 
R&D  expenditures.  In  1991. 

♦  the  top  10  institutions  spent  18  percent  of  total  aca¬ 
demic  R&D  funds  (.83.062  billion); 

♦  the  top  20  institutions  spent  32  percent  ($5,430 
billion): 

♦  the  top  .50  spent  57  percent  ($9,878  billion);  and 

♦  the  top  100  spent  81  percent  ($13,953  billion).'* 
(See  appendix  table  5-4.) 

Industrial  Support  of  R&D  at  Specific 
Academic  Institutions 

Industry  now  supports  over  7  percent  of  total  academ¬ 
ic  R&D.  WTiile  most  of  the  industrial  funds  go  to  large, 
recognized  research  institutions,  about  a  dozen  academ¬ 
ic  institutions  with  relatively  small  R&D  expenditures  get 
more  than  20  percent  of  their  R&D  funding  from  industry. 
These  funding  patterns  partly  reflect  relationships  that 
have  developed  between  individual  firms  and  schools. 

In  1991,  industry  provided  just  over  $1.2  billion  for 
academic  R&D.  Of  the  top  200  institutions  in  terms  of 
total  1991  academic  R&D  expenditures,  the  top  25 
schools  together  received  almost  $409  million  from 
industry,  or  about  33  percent  of  the  total  support  con¬ 
tributed  by  industry.  The  bottom  25  schools  received 
$38  million,  or  3.1  percent  of  total  industry  funds.  On 
average,  the  top  25  schools  received  $16.4  million  each 
in  industrial  support;  the  lowest  25  schools  averaged 
$1.6  million  each.  (See  appendix  table  .5-5.) 


'Hu'  CariU',i;U'  I'ouiulation  for  llio  .AdvamiMncnt  of  Tcacliinj;  classi¬ 
fied  ii.WK)  deKree-KrantiiiK  instilutions  as  liigher  education  institutions 
in  lfW7,  (S<‘e  chapter  2.  "Classification  of  .Academic  Institutions."  for  a 
brief  description  of  the  C:irne,i;ie  categories.)  Hiese  liinher  education 
institutions  include  l-year  coile>;es  and  universities.  Z-year  coininunity 
and  junior  colleKes.  and  specialized  schools  such  as  medical  and  law 
schools.  Not  included  are  more  than  V.tXKt  other  posisecondary  institu¬ 
tions  (sevretarial  schools,  auto  repair  schools,  etc  ). 

'I'hese  percentages  exclude  lh<'  .Applied  Physics  Diboralorv  (API )  at 
lohns  Hopkins  I'niversity.  With  an  estimated  Skit)  million  in  total  and 
■k'l.'M)  million  in  federally  financi'd  K.vu  ex()endilures  in  fiscal  year  IWl. 
\PI.  performs  about  two-thirds  of  the  university's  ti.vH  AllhouKh  not 
officially  classified  as  an  ilRlK  .  API  es.senlially  funcpMii  i-  one.  lls 
exclusion  therefore  provides  a  '  Iter  measure  of  Ih.  !  'inbulion  of 
academic  K.\|i  dollars  and  the  raoKinx  of  individual  inslilulions. 
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Text  table  5-1. 

Industrial  funding  of  academic  RAD, 
by  level  of  R&D  expenditures 


Schools  w/more 
than  10%  of  their 
total  R&O  funds 
from  industry 

Average 
proportion  of 
total  R&D  funding 
from  Industry 

3c(ioois  idfiKdd  by 
total  R&D  expenditures^ 

1980 

1991 

1980 

1991 

— Number — 

- Percent  — 

Rank  1-200 . 

.  .  24 

57 

4.6 

8.6 

1-25 . 

2 

4 

4.4 

6.3 

26-50 . 

2 

3 

4.4 

6.4 

51-75 . 

2 

2 

3.8 

6.2 

76-100 . 

1 

4 

4.6 

6.6 

101-125 . 

3 

12 

5.5 

9.4 

126-150 . 

4 

9 

5.9 

10.0 

151-175 . 

2 

11 

5.6 

10.0 

176-200 . 

8 

12 

11.4 

13.5 

NOTE:  Data  are  omitted  for  those  institutions  that  did  not  separately 
report  industrial  R&D  funding  or  that  reported  no  industrial  support.  For 
1960,  32  institutions  were  omitted;  6  were  omitted  in  1991. 


'Ranking  is  derived  by  sorting  institutions  into  groups  of  25.  from  highest 
R&D  expenditures  to  lowest. 
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This  distribution  of  industry  funds  follows  an  expect¬ 
ed  pattern:  Top-ranked  schools  receive  more  industry 
funding  than  do  lower  ranked  schools.  A  more  surpris¬ 
ing  finding  is  that  industry ‘.s  share  of  total  KXl)  expendi¬ 
tures  for  the  lowest  ranked  schools  was  double  its  corre¬ 
sponding  share  among  top-ranked  schools.  Industry 
accounted  for  an  average  13.5  percent  of  the  total  R&l) 
expenditures  of  schools  in  ranks  176-200  in  1991,  com¬ 
pared  with  a  6.3  percent  share  of  total  for  the  top  25 
schools.  Furthermore,  the  low-ranked  schools  receiving 
relatively  large  proportions  of  their  K^tl)  funding  from 
industry  tend  to  be  specialized  smaller  institutions — fre¬ 
quently  ones  with  a  single  Ki'vl)  specialty  that  is  closely 
linked  with  local  industry. 

Between  1980  and  1991,  the  number  of  schools  receiv¬ 
ing  over  10  percent  of  their  academic  K^;!)  support  from 
industry  increased  from  24  to  ,57.  In  all  but  one  of  the 
eight  groups  of  25  among  the  top  200  research  institu¬ 
tions,  the  number  of  institutions  receiving  more  than  10 
percent  of  their  academic  Ki'tl)  support  from  industry 
increased  (it  did  not  change  in  the  schools  in  ranks  51- 
7,5).  The  share  of  funds  from  industry  also  increased  in 
each  of  the  eight  groups. 

Several  fac*ors  might  contribute  to  these  increases. 
For  one  thim'  more  institutions  had  separately  reported 
industrial  support  data  in  1991  than  in  1980.  (See  text 
table  ,5-1.)  Also,  the  increasing  industry  support  for  aca¬ 
demic  Ki'il)  may  reflect  increasing  amounts  of  coopera¬ 
tive  research  activity  between  the  two  sectors,  in  con¬ 
trast  to  companies  just  providing  research  grants  to 
universities  and  colleges. 


Academic  R&D  Expenditures  by  Field 
and  Funding  Source' 

By  far,  the  majority  of  academic  Riiil)  expenditures  in 
1991  went  to  the  life  sciences,  which  accounted  for  .54  per¬ 
cent  of  total  academic  Ri<.l)  expenditures,  53  percent  of 
federal  academic  Ri.yi)  expenditures,  and  55  percent  of 
nonfederal  academic  RM)  expenditures.  ITie  next  largest 
block  oi  total  academic  R.yi)  expenditures  was  for  engi¬ 
neering — 16  percent  in  1991.'"  (See  appendix  table  5-6; 
for  detailed  data  on  expenditures  over  time  by  s&K  sub- 
field,  also  see  appendix  table  5-7.) 

Between  1981  and  1991,  academic  RAI)  expenditures 
for  all  fields  combined  grew  at  an  average  annual  rate  of 
5.5  percent  in  constant  1987  dollars.  (See  figure  5-4  for 
constant  dollar  expenditures  over  the  decade  by  field.) 
Funding  for  the  computer  sciences  grew  fastest  during 
the  decade,  increasing  at  an  average  annual  rate  of  9.7 
percent  in  constant  dollars.  However,  R&l)  expenditures 
for  the  computer  sciences  in  1991  were  only  about  3.1 
percent  of  total  academic  Ri'iD.  The  engineering  and 
mathematical  sciences  fields  grew  second  and  third 
fastest  during  the  decade,  increasing  at  average  annual 
rates  of  7.1  and  5.8  percent,  respectively.  Academic  R&D 


The  (lat;i  in  tliis  section  are  drawn  from  the  National  Science 
^'oun(iation's  Si-ienlific  and  linuineerinK  Kxpt'iuiitures  at  liniversities 
and  Colleges  Survi-y.  I-or  various  methodological  reasons,  parallel  data 
by  field  from  the  l-'oundation's  Survey  of  Federal  Obligations  to 
Universities  and  Colleges  do  not  necessarily  match  these  numbers. 

'"For  further  information  on  the  nature  of  engineering  research 
being  |)erformed  in  t  ,s.  universities  see  ""nie  Nature  of  Fingineering 
Research  at  U.S.  Ihiiversities." 


Figure  5-4. 

Academic  R&D  expenditures,  by  field 

Billions  of  constant  1987  dollars 


1981  1983  1985  1987  1989  1991 

NOTE:  See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to 
convert  currrent  to  constant  1987  dollars. 

See  appendix  table  5-7.  Science  &  Engineering  Indicators  -  1993 
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The  Nature  of  Engineering  Research  at  U.S.  Universities 


What  is  the  role  of  research  in  engineering  educa¬ 
tion?  How  does  this  academic  research  component 
relate  to  the  needs  and  interests  of  U.S.  industry  and 
government?  To  answer  these  and  related  questions,  a 
3-year  study  on  the  nature  of  U.S.  academic  engineer¬ 
ing  research  is  now  under  way.  Led  by  Professor 
Robert  P.  Morgan  of  Washington  University  and  sup¬ 
ported  by  the  National  Science  Foundation,  the  study 
is  aimed  at  characterizing  the  research  undertaken  by 
U.S.  engineering  school  faculty  members,  research 
staff,  and  students  (Morgan  et  al.  1993a  and  1993b).  As 
part  of  this  study,  a  national  survey  of  directors  of 
organized  university-based  engineering  research  units 
was  conducted  to  obtain  information  on  the  nature, 
process,  and  outcomes  of  engineering  school 
research.  To  date,  responses  have  been  received  from 
651  of  1,030  of  these  research  units  located  in  154  uni¬ 
versities.  Based  on  these  responses,  the  following  pre¬ 
liminary  conclusions  have  been  drawn. 

♦  Research  units  appear  to  be  shifting  away  from 
the  individual  investigator  model  of  research 
toward  more  applied  team  research  of  a  cross  dis¬ 


expenditures  in  the  social  sciences  grew  the  slowest, 
averaging  3.1  percent. 

The  distribution  of  federal  and  nonfederal  funding  of 
academic  R&D  in  1991  varied  by  field  and  subfield.  (See 
appendix  table  5-6.)  P'or  example,  the  Federal  Govern¬ 
ment  supported  62  percen*  of  academic  Ri'il)  expenditures 
in  the  medical  sciences  subfield,  but  only  26  percent  of 
academic  R&l)  in  the  agricultural  sciences  subfitld.  (This 
latter  figure  reflects  the  traditionally  strong  role  of  states 
in  supporting  the  agricultural  sector.) 

It  is  noteworthy  that  the  declining  federal  share  in  the 
support  of  academic  R&l)  is  not  limited  to  particular  s&E 
disciplines.  Rather,  the  federally  financed  fraction  of  sup¬ 
port  for  each  of  the  s&K  fields  declined  over  the  past  two 
decades.  (.See  appendix  table  ,5-8.)  There  were  some  vari¬ 
ations  by  field,  however.  The  most  dramatic  decline 
occurred  in  the  social  sciences  (57  percent  in  1973  to  33 
percent  in  1991);  the  smallest  decline  was  in  the  comput¬ 
er  sciences  (70  to  67  percent).  The  overall  decline  in  fed¬ 
eral  share  also  holds  for  all  reported  S&I-:  subfields. 

Support  of  Academic  R&D  by  Federal 
Agencies  ' 

P'ederal  obligations  for  academic  R&I)  are  concentrat¬ 
ed  in  three  agencies;  the  National  Institutes  of  Health 


’’Sec  "An  Update  on  ConKressional  Earmarking  to  Universities  and 
ColleKes  "  for  a  disenssiori  of  an  issue  related  to  federal  aeadeniie  R.tl) 
support  eonliuues  to  en;;ender  eonsiderable  debate. 


ciplinary  nature.  Despite  this  shift,  traditional 
research  outputs  such  as  publications  and  papers 
still  predominate. 

♦  Students  continue  to  play  a  central  role  in 
research. 

♦  Industry  is  substantially  involved  in  university- 
based  engineering  research. 

♦  The  most  frequently  cited  problems  of  research 
directors  are  insufficient  funding  and  lack  of  fund¬ 
ing  for  long-term  research. 

♦  Contributions  of  research  units  vary  widely  from 
those  of  a  fundamental  nature  to  activities  leading  to 
major  developments  in  industry  and  government 

Followup  will  be  conducted  regarding  this  last  find¬ 
ing  in  order  to  develop  case  studies  of  academic 
research  contributions  and  the  processes  by  which 
technology  transfer  takes  place.  Also,  a  national  survey 
will  be  mailed  to  about  3,500  of  the  roughly  20,000  U.S. 
engineering  faculty  during  the  fall  of  1993  to  comple¬ 
ment  the  research  directors’  survey. 


(nih),  the  National  Science  Foundation  (NSF),  and  the 
Department  of  Defense  (DOD).  Together,  these  agencies 
provided  about  73  percent  of  total  federal  financing  of 
academic  R&D  in  1993,  up  from  66  percent  in  1971.  (See 
appendix  table  5-9.)  NIH  was  estimated  to  have  provided 
44  percent  of  federal  support  for  academic  R&D  in  1993; 
the  NSF  share  was  estimated  at  16  percent.  DOD’s  share 
was  estimated  at  13  percent  in  1993. 

During  the  past  10  years,  the  National  Aeronautics 
and  Space  Administration  (NASA) — which  is  estimated  to 
provide  less  than  6  percent  of  federal  support  in  1993 — 
had  the  highest  estimated  average  annual  growth  in  its 
funding  of  academic  R&D;  9.7  percent  per  year  (constant 
1987  dollars).  The  next  highest  rates  of  growth  were 
experienced  by  NSF  (5.2  percent)  and  NlH  (4.5  percent). 
In  addition  to  changes  in  the  pattern  of  agency  funding, 
there  have  been  shifts  in  the  modes  of  research  support 
provided  to  academic  institutions.  For  details,  see  “Fed¬ 
eral  Academic  Research  Funding  by  Mode  of  Support.” 

The  Spreading  Institutional  Base  of  Federally 
Funded  Academic  R&D'- 

In  1971,  565  academic  institutions  received  federal 
support  for  their  R&D  activities.  In  1981,  this  number 


'-'rhe  data  in  this  section  are  drawn  from  the  Federal  Support  to 
Universities,  ColleRes,  and  Selected  Nonprofit  Institutions  Survey.  The 
survey  collects  data  on  federal  K&l)  obligations  to  individual  I  .s.  univer¬ 
sities  and  colleges  from  the  l.'i  federal  agencies  that  account  for  virtual¬ 
ly  all  such  obligations. 
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An  Update  on  Congressional  Earmarking  to  Universities  and  Colleges 


Science  &  Engineering  Indicators  -  1991  (NSB  1991) 
discussed  several  aspects  of  academic  earmarking — 
the  congressional  practice  of  providing  federal  funds 
to  educational  institutions  for  research  facilities  or  pro¬ 
jects  without  merit-based  peer  review.  The  significant 
increases  reported  then  in  both  the  number  of  ear¬ 
marked  projects  and  the  amount  of  money  directed 
toward  them  are  still  continuing.  (See  text  table  5-2.) 

In  his  introduction  to  the  recent  report  “Academic 
Earmarks:  An  Interim  Report  by  the  Chairman  of  the 
Committee  on  Science,  Space,  and  Technology” 
(Committee  on  Science,  Space,  and  Technology  1993), 
Congressman  George  E.  Brown,  Jr.  (D-CA),  states  that 
“I  believe  that  the  rational,  fair,  and  equitable  allo¬ 
cation  and  oversight  of  funds  in  support  of  the 
Nation’s  research  and  development  enterprise  is 
threatened  by  the  continued  increase  in  academic 
earmarks.  To  put  it  colloquially,  a  little  may  be 
okay,  but  too  much  is  too  much." 

As  text  table  5-2  shows,  the  number  of  academic  ear¬ 
marks  has  increased  from  a  negligible  level  in  the 
early  1980s  to  hundreds  of  earmarks  in  the  past  few 
years;  the  dollar  amount  of  these  earmarks  has 
increased  from  the  tens  to  the  hundreds  of  millions. 


Text  table  5-2. 

Growth  in  number  of  and  funds  for  earmarked 
academic  projects 


Number  Dollars 

of  earmarks  for  earmarks 


1980  .  7  10,740,000 

1981  .  0  0 

1982  .  9  9,370,999 

1983  .  13  77,400,000 

1984  .  6  39,320,000 

1985  .  39  104,085,000 

1986  .  38  110,885,000 

1987  .  48  163,305,000 

1988  .  72  232,392,000 

1989  .  208  299,026,000 

1990  .  252  247,976,333 

1991  .  279  470,279,499 

1992  .  499  707,989,031 


SOURCE;  Committee  on  Science.  Space,  and  Technology,  U  S.  House  of 
Represenlalives,  “Academic  Earmarks:  An  Interim  Report  by  the  Chairman 
of  the  Committee  on  Science.  Space,  and  Technology,"  Washington,  DC: 
1993. 
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increa.sed  to  618.  and  by  1991,  to  759.  (See  appendix 
table  5-10.)  During  this  20-year  period,  however,  there 
was  almost  no  change  in  the  number  of  Carnegie 
research  or  doctorategranting  institutions  receiving  fed¬ 
eral  RiV;!)  obligations.  Instead,  almost  all  of  the  increase 
in  the  number  of  institutions  supported  occurred  in  the 
other  Carnegie  classifications — i.e.,  among  comprehen¬ 
sive:  liberal  arts;  2-year  community,  junior,  and  technical; 
and  professional  and  other  specialized  schools.'  * 

This  spreading  of  the  institutional  base  of  federally 
funded  academic  K&D  did  not  occur  at  the  same  rate,  nor 
even  in  the  same  direction,  in  all  science  and  engineer¬ 
ing  fields.  Once  again,  at  the  individual  field  level,  most 
of  the  increase  was  at  institutions  other  than  research  or 
doctorate-granting  ones.  The  largest  relative  increases  in 
the  number  of  institutions  receiving  academic  Ri'tl)  sup¬ 
port  from  the  F'ederal  Government  were  in  the  computer 
sciences,  mathematics,  and  geological  sciences.  Two 
fields — the  social  sciences  and  psychology — showed  a 
decline  in  the  number  of  institutions  receiving  federal 
academic  Ri.<:l)  support.  (See  figure  5-5.) 


'  See  iT'  r  2.  '■flassificalioii  of  /Vadciiiii-  Insliliitioiis."  for  a  briiM 
(Icsi  riplioi  .he  C'atiicj,.'i(' i  ali'),'orios. 


Figure  5-5. 

Academic  institutions  receiving  federal  R&D  support 


Number  of  Institutiorts 

NOTES:  "Other  Carnegie  institutions"  are  all  Carnegie-classified 
institutions  except  research  and  doctorate-granting  institutions. 

No  data  are  available  for  1971  for  the  computer  sciences. 

See  appendix  table  5-10  Science  &  Engineering  Indicators  -  1993 
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Federal  Academic  Research  Funding  by  Mode  of  Support 


Until  recently,  very  little  data  were  available  on 
trends  in  federal  funding  of  academic  research  by 
mode  of  support.  This  changed,  however,  with  the 
release  of  Trends  in  the  Structure  of  Federal  Science 
Support  by  the  Federal  Coordinating  Council  for 
Science,  Engineering,  and  Technology  (FCCSET).  The 
report  (OSTP  1992)  defined  four  principal  modes  of  sup¬ 
port,  and  primarily  examined  civilian  federal  research 
funding  from  sbc  agencies — the  Department  of  Energy 
(DOE),  NIH,  NSF,  Environmental  Protection  Agency 
(EPA)  ,  Department  of  Agriculture  (USDA) ,  and  NASA. 
(DOI)  was  also  included  in  some  of  the  discussions.) 

Definitions,  fccset  used  the  following  definitions  of 
support  modes. 

♦  Individual  investigator.  A  single  senior  scientist  or 
small  research  group  receiving  direct  funding  for 
an  independent  research  project. 

♦  Research  team:  A  group  of  senior  investigators, 
often  at  difterent  institutions,  pursuing  common 
research  objectives  and  considered  by  the  fund¬ 
ing  agency  to  be  a  team.  A  research  team  is  less 
formally  organized  than  a  research  center  and 
may  be  funded  separately. 

♦  Research  center:  A  formally  organized  group  of 
investigators,  frequently  multidisciplinary,  using 
shared  resources  to  pursue  coordinated  research 
focused  on  a  single  topic  or  research  theme. 

♦  Major  facility:  A  large  multi-user  laboratory  or 
research  facility  requiring  a  long-term  commit¬ 
ment  for  support.  A  major  facility  is  intended  for 
shared  used  by  researchers  from  many  institu¬ 
tions,  and  is  frequently  designated  as  "national” 
or  “regional”  in  scope. 

Findings.  FCCSE'r  found  that  funding  has  increased 
for  all  modes  of  support,  albeit  at  different  rates. 
Overall,  the  shares  of  research  funds  going  to  individ¬ 
ual  investigators  and  to  research  centers  declined 
between  1980  and  1989,  while  the  shares  to  research 
teams  and  major  facilities  increased.  (See  figure  5-6.) 

The  distribution  of  academic  research  funds  among 
modes  of  support  differs  substantially  across  the  sbc 
agencies  examined.  For  example,  while  individual 
investigators  account  for  a  major  share  of  each  agen¬ 
cy’s  academic  research  support,  there  are  significant 
differences  by  agency.  Individual  investigators  rec' 
between  60  and  80  percent  of  funding  by  N.SF,  EPA, 
DOD;  they  receive  about  50  percent  of  NiH  fundii. 
and  account  for  only  about  35  to  40  percent  of  USDA 
and  DOE  funding.  In  USDA,  research  centers  play  a 
much  more  crucial  role  in  academic  research  funding; 


in  DOE,  research  teams,  research  centers,  and  major 
facilities  also  receive  significant  support.  NlH  has 
given  increasing  attention  to  interdisciplinary 
research  during  the  1980s,  with  the  result  of  stimulat¬ 
ing  awards  to  team  research. 

Figure  5-6. 

Funding  of  academic  research  by  six  civilian 
federal  agencies,  by  support  mode 


Major 

facilities 

3.5% 


Research  \ 
teams  -  27.0%  \ 


Major 

facilities 

6.0% 


Research  funding:  FY  1989 


Agency  modes  invest. 


Millions  of  dollars 


See  appendix  table  4-20.  Science  S  Engineering  Indicators  -  1993 
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Text  table  5-3. 

Condition  of  academic  science  and  engineering 
research  faciiities 


Condition  of 
research  facilities 

1988 

1990 

1992 

Percentage  of  institutions'  S&E  research  space 

Suitable  for  use  in  most  scientifically 
sophisticated  research . 

23.9 

25.9 

26.8 

Effective  for  most  uses,  but  not  most 
scientifically  sophisticated . 

.  36.8 

35.2 

34.7 

Requires  limited  repair/renovation  to 
be  used  effectively . 

.  23.5 

23.3 

22.6 

Requires  major  repair/renovation  to 
be  used  effectively' . 

15.8 

15.5 

12.8 

Requires  replacement . 

NA 

NA 

3.1 

S&E  =  science  and  engineering 

NOTES:  Because  ot  rounding,  components  may  not  add  up  to  100. 

'The  data  for  1988  and  1990  in  this  category  include  space  requiring 
replacement. 

This  category  was  first  used  in  the  1992  survey. 

SOURCE:  Science  Resources  Studies  Division,  National  Science 
Foundation,  Scientific  and  Engineenng  Research  Facilities  at  Universities 
and  Colleges:  1992.  NSF  92-325,  Washington,  DC:  NSF,  1993. 
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Academic  R&D  Facilities  and  Instrumentation'^ 

Despite  increased  and  prolonged  spending  in  this  area 
since  the  1980s,  problems  persist  in  the  amount  and  ade 
quacy  of  academic  research  facilities  and  instrumenta¬ 
tion.  Recent  surveys  indicate,  however,  that  these 
increases  in  expenditures  are  addressing  at  least  some 
of  the  needs  in  these  areas. 

Facilities.  Although  new  facilities  construction  pro¬ 
jects  have  become  more  expensive,  construction  costs 
appear  to  be  leveling  off.  The  cost  of  new  academic  R&l) 
space  in  current  dollars  was  $207  per  square  foot  in 
1986-87,'"  $231  in  1988-89,  and  $260  in  1990-91.  The  com¬ 
parable  cost  for  1992-93  is  estimated  at  $259  per  square 
foot.  (See  appendix  table  5-11.)  Similarly,  construction 
outlays  for  academic  research  facilities  are  expected  to 
reach  $3.2  billion  (in  current  dollars)  in  1992-93;  this  is 
up  from  $3.0  billion  in  1990-91,  $2.5  billion  in  1988-89, 
and  $2,1  billion  in  1986-87. 

When  the  projects  initiated  between  1986  and  1991  are 
completed,  they  are  expected  to  produce  over  32  million 
square  feet  of  new  research  space — ^the  equivalent  of  about 
26  percent  of  existing  research  space.  The  total  amount  of 
research  space  has  not  been  increasing  as  much  as  the 
planned  new  construction,  suggesting  that  the  new  research 
space  may  replace  obsolete  or  inadequate  space  rather  than 
add  to  existing  space.  The  new  construction  projects  initiat¬ 
ed  in  1992-93  should  produce  over  12  million  square  feet  of 
new  research  space.  (See  appendbc  table  5-12.) 

Outlays  for  major  repair/renovation  of  academic  research 
faciDties  are  expected  to  reach  $895  million  (in  current  dol¬ 
lars)  in  1992-93,  compared  to  $835  in  199(>-91.  $1,010  in  1988- 
89,  and  $838  in  1986-87.  When  the  repair/renovation  pro¬ 
jects  initiated  between  1986  *^)1  are  completed,  they 

are  expected  to  result  in  thi  "enovation  of  over  33.5 

million  square  feet  of  rest  ,  ,jace,  the  equivalent  of 
about  28  percent  of  existing  research  space.  New  projects 
initiated  in  1992-93  are  expected  to  result  in  the  repair/reno¬ 
vation  of  an  additional  6  million  square  feet  of  research 
space.  (See  appendbc  table  5-12.) 

More  than  85  percent  of  current  academic  research 
space  is  concentrated  in  five  s&E  fields: 

♦  biological  sciences  (23  percent) 

♦  medical  sciences  (18  percent). 


"Data  on  facilities  and  instrumentation  are  taken  primarily  from  sev¬ 
eral  surveys  supported  by  the  National  Science  Foundation.  Although 
terms  are  defined  specifically  in  each  survey,  in  general,  facilities 
expenditures  (1)  are  classified  as  "capital"  funds,  (2)  are  fixed  items 
such  as  buildings,  (3)  often  cost  millions  of  dollars,  and  (4)  are  not 
included  within  r&d  expenditures  as  reported  here.  Equipment  and 
instruments  (the  terms  are  used  interchangeably)  are  generally  mov¬ 
able,  purchased  with  current  funds,  and  included  within  r&d  expendi¬ 
tures.  Because  the  categories  are  not  mutually  exclusive,  some  large 
instrumentation  systems  could  be  classified  as  either  facilities  or 
equipment. 

'Data  are  aggregated  into  2-year  units  because  information  on  project 
costs  and  p'  I  assigned  square  footage  for  repair/renovation  and  con¬ 
struction  a  ies  are  requested  for  2  years  rather  than  for  a  single  year. 


♦  agricultural  sciences  (16  percent), 

♦  engineering  (15  percent),  and 

♦  physical  sciences  (13  percent). 

The  condition  of  academic  s&E  research  facilities 
space  has  improved  somewhat  between  1988  and  1992. 
(See  text  table  5-3.)  Specifically,  the  amount  of  space 
available  for  use  in  the  most  scientifically  sophisticated 
research  has  increased;  and  the  amount  of  space  that 
needs  limited  repair/ renovation  has  decreased. 

A  significant  improvement  of  institutions’  assessment 
of  the  amount  of  research  space  also  occurred  between 
1988  and  1992.  In  1988  and  1990,  40  to  42  percent  of 
institutions  reported  that  their  space  was  inadequate, 
compared  to  only  34  percent  in  1992. 

Although  the  increased  facilities  funding  has  been 
beneficial  to  the  academic  research  infrastructure,  sur¬ 
vey  results  indicate  that  respondents  believe  there  is  still 
a  construction  backlog  as  well  as  considerable  space  that 
needs  renovation  and  repair. 


Instrumentation.  Current  fund  expenditures  for  aca¬ 
demic  research  instrumentation  grew  steadily  between 
1982  and  1989  before  beginning  to  decline  in  1990  and 
again  in  1991  (constant  dollars.) '"  (See  appendbc  table  ,5-13.) 


"Data  used  here  are  limited  to  current  funds  expenditures  for 
research  instrumentation  and  do  not  include  funds  for  inslnictional 
equipment.  Current  funds — as  opposed  to  capital  funds — are  those  in 
the  yearly  operating  budget  for  ongoing  activities,  (ienerally.  academic 
institutions  keep  separate  accounts  for  current  and  capital  funds. 
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Figure  5-7. 

Current  fund  expenditure*  for  research  equipment 
at  academic  institutions,  by  fieid 


Millions  of  constant  1987  dollars  (logarithmic  scale) 


NOTE:  See  appendix  table  4-1  for  GOP  implicit  price  deflators  used  to 

convert  current  dollars  to  constant  1987  dollars. 

See  appendix  table  5-13.  Science  S  Engineering  Indicators  -  1993 

R&I)  equipment  expenditures  grew  by  3.9  percent  between 
1988  and  1989,  and  then  declined  by  1  percent  between  1989 
and  1990,  and  by  3  percent  between  1990  and  1991.  About  59 
to  64  percent  of  these  expenditures  were  covered  by  the 
Federal  Government  during  the  1980s,  but  the  government’s 
share  fell  to  about  59  percent  in  both  1990  and  1991.  This 
percentage  varied  among  individual  fields,  however,  with  the 
social  sciences  receiving  only  about  one-third  of  their 
research  equipment  funds  from  the  Federal  Government, 
and  the  physical  and  computer  sciences  over  70  percent  In 
the  period  between  1982  and  1991,  federal  support  did  not 
grow  as  quickly  as  did  nonfederal.  Annual  growth  in  federal 
support  averaged  5.2  percent  while  nonfederal  support  grew 
7.8  percent  (in  constant  dollars)  during  this  period. 

By  field,  current  fund  expenditures  for  instruments  for 
engineering,  computer  sciences,  mathematical  sciences, 
environmental  sciences,  and  physical  sciences  increased  at 
average  annual  rates,  in  constant  1987  dollars,  of  between 
6  and  10  percent  since  1982.  Funds  for  reseaich  equip¬ 
ment  for  the  social  sciences  and  psychology  grew  at  an 
average  annual  rate  of  less  than  4  percent  since  1982.  (See 
figure  5-7.) 

From  1981  through  1991,  annual  current  fund  research 
equipment  expenditures  fluctuated  between  6  and  7  per¬ 
cent  of  total  R&D  expenditures,  with  an  upward  trend  in 
this  proportion  between  1983  and  1986,  and  a  downward 
trend  since  1986.  Equipment  purchases  as  a  percentage  of 
Ri^-n  expenditures  were  consistently  higher  than  average 
in  the  computer  sciences,  physical  sciences,  and  engineer¬ 
ing;  they  were  consistently  lower  in  the  mathematical  sci¬ 
ences,  ial  sciences,  life  sciences,  and  psychology. 


Characteristics  of  Academic  RtD  Instrumental 

tion.'‘  As  noted  in  Science  &  Engineering  Indicators  -1991 
(NSB  1991),  the  age  distribution  of  academic  research 
instrumentation  changed  significantly  over  the  course  of 
the  first  three  surveys  as  a  result  of  both  retirement  of 
older  equipment  and  an  increase  in  the  size  of  the  equip¬ 
ment  stock.  In  1982-83,  62  percent  of  the  in-use  instru¬ 
ment  systems  were  5  years  old  or  less,  and  38  percent 
were  6  or  more  years  old.  By  1988-89,  69  percent  of  the 
systems  were  5  years  old  or  less. 

In  each  of  the  four  survey  cycles,  annual  expenditures 
(in  constant  dollars)  for  the  purchase  of  research  instru¬ 
ments  increased; expenditures  for  their  repair  and 
maintenance  also  increased  in  all  but  the  last  cycle.  (See 
text  table  5-4.)  After  adjustment  for  inflation,  expendi¬ 
tures  for  purchasing  new  or  used  equipment  increased 
by  about  52  percent  between  1983-84  and  1986-87 
but  only  by  5  percent  between  1989-90  and  1992.'^  Main¬ 
tenance  and  repair  expenditures  increased  by  31  percent 
between  tbe  first  and  second  cycles  and  decreased  by  8 
percent  between  the  third  and  fourth  cycles.  As  a  result  of 
these  expenditure  patterns,  for  every  dollar  spent  on  pur¬ 
chasing  research  equipment,  25  cents  was  spent  on  main¬ 
tenance  and  repair  in  1983-84,  22  cents  in  1986-87,  25 
cents  in  1989-90,  and  22  cents  in  1992. 

The  purchase  of  new  equipment  during  the  1980s  and 
early  1990s  appears  to  have  produced  beneficial  results  for 
many  academic  departments  and  research  facilities.  Thirty- 
four  percent  of  the  s&E  department  heads  and  research 
facility  administrators  reported  that  the  overall  adequacy  of 
their  existing  research  equipment  remained  about  the 
same,  and  48  percent  reported  that  it  improved  between 
the  1989-90  and  1992  periods.  (Similar  results  had  been 


'^Beginning  in  1983-84.  NSF.  with  funding  support  from  Mil.  initiated 
the  triennial  National  Survey  of  Academic  Research  Instruments  and 
Instrumentation  Needs.  The  survey's  first  three  cycles  (conducted  in 
1983-84,  1986-87.  and  1989-90)  collected  data  for  six  s&E  fields,  with 
data  on  half  the  fields  collected  in  the  survey’s  first  year,  and  data  for 
the  second  half  in  the  survey’s  second  year.  For  the  survey’s  newest 
cycle,  the  two  data  collection  phases  will  be  consolidated  so  that  all 
fields  are  covered  at  one  time.  Also,  in  previous  cycles,  each  survey 
had;  (1)  department  questionnaires  requesting  department  expendi¬ 
tures  for  equipment  plus  related  issues  such  as  equipment  needs  and 
priorities;  and  (2)  instrument  data  sheets  for  information  on  the  condi¬ 
tion.  cost,  usage,  etc.,  of  specific  items  of  equipment.  Beginning  in  the 
fourth  cycle,  each  of  these  components  will  be  conducted  every  other 
year.  Thus,  the  1992  component  of  the  survey  collected  only  the 
department  questionnaire  survey  data. 

'"Expenditures  for  research  equipment  purchases  obtained  through 
this  survey  are  not  readily  comparable  with  those  discussed  in  the  pre¬ 
vious  section.  These  survey  data  include  all  expenditures-both  from 
current  operating  funds  and  capital  accounts-while  the  earlier  discus¬ 
sion  is  limited  to  research  equipment  from  current  funds  expenditures, 
which  could  be  a  considerably  smaller  expenditure.  Taken  together, 
however,  these  two  data  sources  appear  to  suggest  that  although  over¬ 
all  expenditures  for  instrumentation  continue  to  increase,  expenditures 
financed  from  current  funds  are  declining  in  recent  years. 

"'Expenditure  data  for  the  1983-84  to  1986-87  period  and  the  1989-90 
to  1992  period  are  not  comparable  because  the  earlier  years  do  not  con¬ 
tain  supersystems  (units  having  a  piece  of  equipment  generally  worth 
$1  million  or  more)  while  the  later  years  do  contain  these  systems. 
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Text  table  5-4. 

Annual  expenditures  for  research  equipment  purchases  and  for  maintenance  of  existing  research  equipment 


1983-84 

1986-87  1989-90 

1992 

Purchases  of  nonexpendable  research  equipment . 

Maintenance/repair  of  existing  research  equipment . 

Amount  spent  on  maintenance/repair  for  each  $1 

spent  on  research  equipment . 

.  470 

.  118 

Millions  of  constant  1987  dollars 
713  1,083 

154  275 

1,138 

253 

.  0.25 

UOIIafS 

0.22  0  25 

0.22 

NOTE:  Years  1983-fl4  and  1986-87  do  not  contain  supersystems  (units  having  a  piece  of  equipment  generally  worth  $1  million  or  more),  but  years  1989-90 
and  1992  do. 

SOURCE;  Science  Resources  Studies  Division,  National  Science  Foundation,  Academic  Research  Instrumentation  and  Instrumentation  Needs  in  Science  and 
Engineering:  1992  (Washington,  DC:  NSF,  forthcoming). 
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reported  between  the  1986^7  and  1989-90  periods.)  In  addi¬ 
tion,  15  percent  of  s&E  department  heads  reported  tliat  the 
amount  of  usable  equipment  had  increased  by  50  percent 
or  more,  and  another  53  percent  reported  that  it  had 
increased  by  between  11  and  49  percent,  between  1989-90 
and  1992.  However,  even  with  the  increases  reported  in 
both  the  adequacy  of  their  research  equipment  and  the 
amount  of  usable  research  equipment,  79  percent  of 
respondents  reported  that  instrument  needs  had  increased 
because  of  expanding  staff  or  programs  or  other  factors. 

Doctoral  Scierttists  and  Engineers 
Active  in  Academic  R&D 

This  section  discusses  characteristics  of  academic 
scientists  and  engineers  with  doctorates  from  U.s.  univer¬ 
sities  who,  at  the  time  surveyed,  worked  in  science  or 
engineering  fields.-’"  Emphasis  is  given  to  researchers — 
i.e.,  those  who  report  that  research  is  their  primary  or 
secondary  work  responsibility.  This  section  presents  data 
on  their  number  and  characteristics,  including  their  fields 
of  concentration,  age,  sex,  race/ethnicity,  and  extent  of 
federal  support.  A  discussion  is  included  on  trends  in  the 
reported  primary  work  responsibility  (for  research  or 
teaching)  of  s&E  doctorates  in  regular  faculty  positions. 
Some  limited  data  are  also  presented  on  graduate 
research  assistants  who  participate  in  academic  R&f). 


-’"Data  on  doctoral  scientists  and  enKineers  are  derived  from  the  bien¬ 
nial  Survey  of  Doctorate  Recipients  conducted  for  NSF  by  the  National 
Research  Council.  (See  "Changes  in  the  Survey  of  Doctorate  Recipients' 
for  a  discussion  of  the  survey  sample.)  In  this  section,  “academic  institu¬ 
tions"  refer  to  universities.  4-  ancl  2-year  colleges  (the  latter  generally 
contribute  little  to  K&D  activity),  and  medical  schools,  as  identified  by 
the  res(x)ndents.  but  exclude  university-administered  ITKDC  s. 

For  1991,  no  data  are  available  on  doctorate-holders  employed  in 
academic  institutions  who  earned  their  degrees  at  non-f  .s,  institutions, 
or  on  those  with  non-s&K  degrees  working  in  science  or  engineering. 
Except  for  some  limited  data  on  graduate  research  assistants  (dis¬ 
cussed  lai'  'n  this  section),  no  data  are  available  on  nondoctoral  aca¬ 
demic  res  h  iiersonnel. 


Trends  in  the  Number  and  Characteristics  of 
Academic  Researchers-' 

In  1991,  there  were  177,805  scientists  and  engineers 
with  doctorates  earned  at  I'.s.  institutions  working  in  s&E 
at  I'.s,  universities  and  colleges.-'-’  (See  appendix  table 
5-14.)  Of  the  doctoral  scientists  in  academia,  149,874,  or 
84  percent,  held  faculty  rank,  down  from  88  percent  in 
1979  and  1981.  The  remainder  held  other  positions.  In 
all,  134,647  were  engaged  in  academic  R&D  as  defined 
here,  including  76  percent  of  those  with  faculty  rank  and 
75  percent  of  those  with  other  positions. 

During  the  1980s,  the  academic  doctorateholding  .s&E 
workforce  became  more  rpscarch-initusive,  as  measured 
by  the  prnportion  of  those  reporting  research  as  their  pri¬ 
mary  or  secondary  work  responsibility.  Between  1979  and 
1991,  the  number  of  doctoral  scientists  and  engineers 
employed  in  academia  increased  by  30  percent — from 
135,841  to  177,805 — but  the  number  of  doctoral  academic 
s&E  researchers  increased  by  52  percent — from  88,686  to 
134,647.  Consequently,  the  proportion  of  S&E  Ph.D.-hold- 
ers  who  reported  some  research  activity  rose  from  65  per¬ 
cent  in  1979  to  76  percent  in  1991.  However,  comparing 
data  from  fall  1991  with  data  gathered  in  the  spring  of 
1989  (see  “Changes  in  the  Survey  of  Doctorate 
Recipients")  suggests  that  this  trend  has  leveled  off. 


'Again,  this  discussion  is  limited  to  persons  who  received  doctorates 
from  (  ..S',  institutions  who  are  now  working  in  science  or  engineering. 
The  number  of  academic  researchers  was  determined  based  on 
responses  to  a  question  in  the  Survey  of  Doctorate  Reciiiients  on  pri¬ 
mary  and  secondary  work  activities.  In  1991,  respondents  were  asked: 
"E'roni  the  activities  listed  below,  select  your  priman'  and  secondary- 
work  activities... in  terms  of  time  devoted  during  a  tyijical  week.” 
Because  many  faculty  members  who  devote  a  substantial  amount  of 
time  to  K.vli  often  consider  another  activity  (for  example,  teaching)  to 
be  their  primary  work  activity,  those  sutvey  respondents  who  selected 
academic  Kxli  as  either  their  iirimary  or  secondary  work  activity  are 
included  here.  The  inclusion  of  both  sets  of  respondents  yields  an 
amount  ap|)roximately  twice  that  when  only  those  reporting  K.'il)  as 
their  primary  activity  are  counted.  These  counts  should  not  be  consid- 
er«‘d  full-time  eriuivalents. 

'Tliis  figure  excludes  those  working  in  1 1  Rln  s  administered  by  uni¬ 
versities  or  university  consortia. 
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Changes  in  the  Survey  of  Doctorate  Recipients 


Data  on  the  academic  employment  and  research 
activities  of  doctoral  scientists  and  engineers  are 
derived  from  the  Survey  of  Doctorate  Recipients  (sdr), 
a  sample  survey  sponsored  jointly  by  the  National 
Science  Foundation  and  selected  other  federal  agen¬ 
cies  and  conducted  biennially  by  the  National 
Research  Council.  In  1991,  sdr  underwent  several 
design  changes  as  part  of  a  larger  redesign  and 
improvement  of  NSF's  science  and  engineering  person¬ 
nel  survey  system.  These  changes  affect  the  compara¬ 
bility  of  1991  data  with  those  of  earlier  years. 

Through  1989,  the  SDR  sample  had  included  three 
major  respondent  segments:  (1)  persons  with  science 
or  engineering  Ph.D.s  received  from  ILS.  institutions, 
(2)  holders  of  doctorate  degrees  in  other  fields  work¬ 
ing  in  science  or  engineering  at  the  time  of  the  survey, 
and  (3)  persons  with  science  or  engineering  Ph.D.s 
earned  at  non-U.S.  institutions.  The  1991  sample 
retains  only  those  respondents  in  category  1. 
Moreover,  in  an  effort  to  improve  response  rates  with¬ 
in  budget  constraints,  sampling  strata  and  overall  sam¬ 
ple  size  were  reduced:  several  other  changes  were 
made  as  well,  including  a  31-month  interval  between 


the  1989  and  1991  surveys,  rather  than  the  usual  24 
months. 

Definitive  statistical  studies  remain  to  be  completed 
on  the  overall  effects  of  these  changes  on  the  data  and 
the  range  of  interpretations  permitted  by  them. 
Preliminary  investigation  suggests  that  the  revised 
SDR  survey  system  permits  analysis  of  trends  if  the 
data  used  are  limited  to  those  respondents  encom¬ 
passed  by  category  (1)  above  who  are  working  in  s&K 
fields  in  a  given  survey  year. 

Accordingly,  the  data  reported  here  focus  on  that 
survey  segment  alone  for  all  years.  Status  and  trends 
in  academic  doctoral  s&K  employment  and  research 
activity  are  examined,  in  general,  for  two  periods — 
1979-81  and  1989-91,  the  latest  year  for  which  these 
data  are  available.  The  1979  and  1989  data  are  included 
to  permit  rough  comparisons  with  data  reported  in 
previous  Science  &  Engineering  Indicators  volumes, 
and  to  provide  some  idea  of  the  extent  of  the  SDR 
changes.  Throughout  this  section,  then,  potentially 
interesting  but  small  statistical  differences  should  be 
treated  cautiously.  At  least  for  the  moment,  their  inter¬ 
pretation  remains  problematic. 


The  sharpest  gains  over  the  decacU'  in  researcli  activi¬ 
ty  were  experienced  in  the  social  sciences  and  mathe¬ 
matics.  In  1979,  ;')4  iiercent  of  the  social  sci(>ntists  and  .'38 
liercent  of  mathematicians  were  involved  in  research:  by 
1991.  these  fractions  had  risen  to  71  (jercent  each.  'Hie 
highest  level  of  research  activity  in  1991  (88  percent)  was 
in  the  environmental  sciences,  followed  by  engineering 
and  the  life  .sciences  with  82  percent  each.  (See  appendix 
table  .>14.) 

Academic  Researchers  by  Field 

Tht'  field  composition  of  the  academic  research  work¬ 
force  underw'ent  some  changes  in  the  past  decade.  These 
changes  largely,  but  not  entirely,  rellected  compositional 
shifts  in  the  doctoral  academic  workforci'  as  a  whole. 

The  number  of  I'esearchc-rs  in  the  physical  sciences 
grew  more  slowly  than  those  in  other  fields — about  22 
perc(‘nt  from  1979  to  1991,  compared  with  I)!)  percent  for 
all  the  sciences  and  (14  percent  for  engineering.  (See  fig¬ 
ure  .>8.)  Com()uter  science  researchers  increast'd  by  224 
IK'i'cent:  emiiloyment  growth  in  this  field  was  also  jiariic- 
ularly  strong.  Life  science  researchers  remained  the 
largest  group,  maintaining  their  38-perc('nt  share  of  the 
SiVI.  total.  Refiecting  these  shifts,  the  [ihysical  sciences 
declined  from  1.3  percent  to  12  |)ercenl  of  all  investiga¬ 
tors.  Hngineering  increased  its  share  of  total  S.V1-; 
researchers  from  11  to  12  percent,  and  tlu‘  social  sci¬ 
ences  '  "eased  from  l(i  to  17  percent.  The  greatest  rela¬ 


tive  shift  was  experienced  by  the  computer  sciences, 
whose  share  doubled  to  3  percent.  This  increase  was 
from  a  small  base,  however,  and  computer  science 
employment  still  represents  less  than  3.3  percent  of  the 
academic  doctoral  s\  i;  total. 

The  rate  of  increase  in  researchers  from  1979  to  1991 
substantially  exceeded  the  incri’ase  in  SM.  emidoyment 
in  each  major  field.  Consef|in'ntly,  llu*  rate  of  pariicipa- 
tion  in  academic  Kvyi)  increased  in  all  major  fields,  rising 
from  73  to  82  iiercent  for  engineerin,g,  and  from  (34  to  73 
percent  for  the  sciences.  (See  appendix  table  ,3-13.)  But 
during  the  1989-91  period,  robust  increases  in  the  num¬ 
bers  of  researchers  were  confined  to  mathi'matics.  the 
com|)uter  sciences,  and  engineering:  while  slight 
declines  were  evident  in  the  physical,  life,  and  social  sci¬ 
ences.  and  psychologN'.  Overall  employment  in  the  latter 
two  fields  also  fell. 

Women  in  Academic  R&D 

The  overall  academic  employment  of  female  Ph.D.- 
holders  in  s\i:  more  than  doubled  from  1979  to  1991, 
jumping  from  1(3,(330  to  33, (300.  (St-e  text  table  3-3.)  Ov'er 
th»'  same  (leriocl.  the  number  of  women  active'  in  K\D 
almost  tripled,  increasing  from  9,7(31  to  23.207.  (See 
appendix  table  .3-1(3.)  nius,  by  1991,  women  constituted 
20  percent  of  all  academic  doctoral  scientists  and  engi¬ 
neers:  in  1979,  tlK'v  had  accounted  for  only  12  percent  of 
this  group.  Rellecting  this  high  rate  of  employment 
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Figure  5-8. 

Average  annual  growth  ratee  of  employed 
academic  doctoral  sclentlsta  and  engineers  and 
those  active  in  academic  R&D:  1979-91 


See  appendix  table  5-14.  Science  S  Engineering  Indicators  -  1993 


increase — albeit  from  a  relatively  small  base — women 
represented  almost  one-fifth  of  all  academic  researchers, 
up  from  1 1  percent  a  decade  earlier. 

The  proportions  of  women  researchers  remained 
roughly  in  line  with  their  increased  rates  of  representa¬ 
tion  among  the  various  SiViK  fields.  For  example,  women 
accounted  for  1^9  percent  of  those  employed  in  psycholo¬ 
gy.  and  36  percent  of  those  active  in  psychology 
research:  they  accounted  for  11  percent  each  of  those 
employed  in,  and  active  in  research  in,  the  computer  sci¬ 
ences.  'Ilieir  lowest  rates  of  representation  were  in  engi¬ 
neering,  where  women  accounted  for  3  percent  of  aca¬ 
demic  doctoral  employment  and  4  percent  of  academic 
doctoral  researchers.  (However,  their  representation  in 
this  fu'ld  had  increased  from  under  1  percent  in  1979.) 

Half  of  all  women  doctoral  researchers  were  active  in 
the  life  sciences.  Relatively  large  proiiortions  of  women, 
compared  to  men,  were  also  found  in  the  social  sciences 
and  psychology.  'ITiese  three  areas  accounted  for  H.6  p«‘r- 
cent  of  women  researchers  in  1991,  compared  to  .37 


ptTcent  of  all  men.  Women’s  field  concentrations  shifted 
somewhat  over  time.  For  example,  from  1979  to  1991. 
the  proportion  of  women  researchers  in  the  physical  sci¬ 
ences  and  psychology  declined  by  about  2  percentage 
points  each,  while  a  slightly  larger  proportion  was  found 
in  the  computer  sciences  and  engineering. 

Minorities  in  Academic  R&D 

The  absolute  number  of  minority  researchers  in 
academia  remains  low  for  all  groups  but  Asians. 
However,  since  1979,  black,  Hispanic,  and  Asian  doctoral 
researchers  in  acatlemia  have  increased  substantially  rel¬ 
ative  to  their  low  numbers  in  1979;  increases  for  Native 
Americans  seem  to  have  been  more  modest.''  (St'c  text 
table  .3-5.)  Black  researchers  increased  from  707  in 
1979  to  2.770  in  1991,  Hispanic  researchers  from  931  to 
3,038,  and  Asians  from  3,630  to  13,105.  Academic 
employment  growth  followed  a  similar  pattern.  (See 
appendix  table  .5-16.)  ITe  increases  in  these  employment 
numbers  are  quite  consistent  with  the  number  of 
doctoral  degrees  awarded  to  minorities  since  the  late 
1970s,  and  suggest  that  a  sizeable  proportion  of  young 
minority  doctorate-holders  have  found  academic  employ¬ 
ment.  (See  chapter  2.  "Doctoral  Degrees  in  SiV.F.”) 

Kach  minority  group  made  very  strong  gains,  in  rela¬ 
tive  terms,  from  1979  to  1991.  Tlie  increase  in  minority 
doctoral  employment  during  this  period  exceeded  200 
percent.  Increases  in  the  number  of  researchers  exceed¬ 
ed  2.50  percent — 290  percent  for  blacks,  260  percent  for 
Asians,  and  226  percent  for  Hispanics.  (Set*  text  table 
5-.5.)  (iains  for  specific  fields  varied,  with  the  physical 
and  life  sciences,  mathematics,  enginec'ring,  and  psy¬ 
chology  broadly  ranging  around  the  s\i:  total,  while  the 
computer  and  environmental  sciences  well  exceeded  it 
(albeit  from  very  low  bases).  (See  appendix  table  .5-16.) 
As  a  result,  minorities  in  1991  comprised  13  percent  of 
all  SiVii;  doctorate-holders  employed  in  academe — up 
from  just  below  6  percent  in  1979 — and  14  percent  of  re¬ 
searchers  — ahso  up  from  6  percent. 

'File  field  concentrations  of  minority  researcluTs  vary 
by  race/ethnicity.  In  1991,  Asians  disproportionately 
favored  engineering  and  the  comi)uter  sciences:  lower 
proportions  of  Asians  entered  the  environmental  and 
social  sciences  and  psychology.  In  this  same  relative 
sense,  Hispanics  tended  toward  mathematics,  engineering, 
and  the  social  sciences,  and  away  from  psychology  and 
the  life  sciences.  Blacks  in  1991  tended  away  from  physi¬ 
cal  and  environmental  scienci's,  mathematics,  and  engi¬ 
neering,  and  toward  psychology  and  the  social  sciences. 
('Hie  numbers  for  Native  Americans  in  the  sample  sur¬ 
vey  are  too  small  to  allow  for  meaningful  breakdowns.) 


'  Note  that  these  niiinhers  derive  from  a  sani|)le  sul^'ey  and  shiudd 
be  taken  not  as  preeisr'  emimi'rations.  hot  as  nmydi  indieai..rs  of  the 
aetnal  population,  i'his  eaveat  is  esp<'eially  true  lor  dala  on  Nalive 
.Anierieans  her  aiise  of  Ihi-  veiT  low  mniiher  ot  respoiuh'iils. 
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Text  table  5-5. 

Academic  employment  and  R&D  involvement  of  women  and  minority  doctoral  scientists  and  engineers 


Field 

Total  employment 
1979  1991 

Change 
from  1979-91 

Active  in  R&D 
1979  1991 

Change 
from  1979-91 

Number 

Percent 

Number 

Percent 

Women 

Total  sciences . 

.  16.555 

34,934 

112 

9.687 

24,588 

155 

Engineering . 

.  94 

665 

615 

74 

619 

736 

Minorities 

Total  sciences 

White . 

. 115.730 

138,474 

20 

74,063 

102,766 

39 

Aslan . 

.  3.653 

11,868 

225 

2.724 

10,266 

277 

Black . 

.  1 ,234 

3,996 

224 

700 

2.585 

269 

Hispanic . 

.  1,180 

3.335 

183 

847 

2,613 

209 

Native  American . 

Engineering 

.  235 

340 

45 

168 

239 

42 

White . 

.  11,519 

15,019 

30 

8,532 

12,116 

42 

Asian . 

.  951 

3,264 

243 

906 

2,839 

213 

Black . 

• 

227 

NA 

• 

185 

NA 

Hispanic . 

.  273 

503 

84 

84 

425 

406 

Native  American . 

• 

• 

NA 

• 

NA 

'Omitted  because  of  small  sample  size 

See  appendix  table  5-16  Science  &  Engineering  indicators  -  1993 


Teaching  and  Research  as  Primary  Work 
Responsibility 

A  number  of  reports  in  recent  years  have  expressed 
concern  that  university  faculty  are  unduly  focusing  on 
researcli  at  the  expense  of  teaching.-'  Data  from  the 
Survey  of  Doctorate  Recipients  cannot  directly  address 
this  issue,  but  can  illuminate  certain  aspects  of  it. 
Academic  doctoral  SXK  faculty  members-'  were  asked 
what  they  considered  to  be  their  primary  work  responsi¬ 
bility.  (See  appendix  table  .'>1,5.)  P'or  all  fields,  the 
numbers  reporting  their  primary  work  responsibility  as 
either  teaching  or  research-"  have  increased  since  1979. 
However,  the  number  naming  research  as  their  primary 
activity  increased  much  more  raiiidly  (rising  roughly  60 
percent  between  1979  and  1991)  than  did  the  number  of 
those  naming  teaching  (which  rose  about  15  percent). 

Figure  .5-9  displays  the  resulting  composition  shift. 
The  more  rapid  increase  for  research  over  the  1979-91 
period  holds  for  every  major  field — even  those  that  expe¬ 
rienced  a  slowdown  or  decline  in  employment  in  1991. 
But  in  most  sxi;  fields,  the  number  of  faculty  reporting 


'Sic  chapti  r  2.  ■'rudfri^rafliiatc  Instnatiun  l)y  Typi’  of  l-'acuUy,"  for 
a  (lisriission  of  this  issuo. 

I-...  iilty  is  <ll■filll'(l  hiTc  as  a  ri-spondciU  roportiii.i;  omploynu-nl  in 
s.vl,  as  I'ilhor  a  prolossor,  associatr  prolossor.  assistant  profi-ssor. 
instrm  tor.  or  lortitrcr. 

'  Ki'spondctits  listing  toaiiiinu  as  their  |)riniai-y  work  responsibility 
often  list  researeh  as  their  seeoiukiiy  one.  and  vice  versa,  I’artienlarly 
in  advanced  graduate  trainiiiK.  the  two  are  closely  intertwined.  The 
focus  here  on  primary  work  resfionsihility  is  not  meant  to  imply  that 
|)eople  ;■  tlirr  researchers  or  teachers. 


primary  teaching  responsibility  has  kept  pace  with  full¬ 
time  enrollment  and  degrees  awarded.  (See  appendix 
table  .5-15.) 

Those  with  primary  research  responsibility  in  Siy-i-: 
accounted  for  more  than  60  percent  of  the  increase  in 


Figure  5-9. 

Proportion  of  academic  doctoral 
science  and  engineering  faculty  with  primary 
responsibility  for  research  or  teaching 


Percent 


See  appendix  table  5-15.  Science  S  Engineering  Indicators  -  1993 
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faculty  from  1979  to  1991.  For  the  computer  sciences, 
engineering,  psychology,  and  the  social  sciences,  their 
share  ranged  from  35  to  50  percent;  and  for  the  life  sci¬ 
ences,  85  percent.  The  physical  sciences  showed  no 
entployment  growth  over  the  period,  and  no  growth  in 
the  number  of  faculty  with  primary  responsibility  for 
teaching.  Tliis  field  did,  however,  experience  an  increase 
in  the  number  reporting  primary  research  responsibility, 
i.e.,  shifting  toward  research  from  other  endeavors. 

Changing  Age  Structure  of  Academic 
Researchers 

A  nearly  two-decade-long  trend  toward  an  aging  aca¬ 
demic  research  workforce  is  starting  to  reverse.  (See  fig¬ 
ure  5-10.)  The  average  age  of  academic  researchers  had 
increased  steadily  since  1973,  the  first  year  for  which 
such  a  series  can  be  constructed.  This  trend  resulted 
from  the  hiring  of  many  young  scientists  and  engineers 
during  the  rapid  expansion  of  I'.s.  higher  education  dur¬ 
ing  the  19b0s.  followed  by  a  hiring  slowdown.  The  medi¬ 
an  age  of  academic  researchers  rose  from  38.9  years  in 
1973  to  44.4  years  in  1989,  but  fell  to  43.6  years  in  1991. 
The  median  age  of  faculty  active  in  research  was  consis¬ 
tently  higher  but  followed  the  same  general  pattern;  39.4 
years  in  1973,  45.4  in  1989,  and  44.5  years  in  1991. 

Put  another  way,  in  1973  only  25  percent  of  academic 
researchers  had  earned  their  Ph.D.  degrees  more  than  15 
years  earlier;  this  fraction  had  risen  to  47  percent  by  1989, 
but  declined  to  43  percent  by  1991.  Conversely,  “young” 
researchers  (those  who  had  earned  their  Ph.D.  degrees 
within  7  years  of  the  survey  date)  comprised  47  percent  of 
the  total  in  1973,  only  25  percent  in  1989,  but  31  percent  in 
1991.  (See  figure  ,5-10.)  Among  the  major  fields,  the  life 


Figure  5-10. 

Distribution  of  academic  science  and 
engineering  researchers  by  years  since  Ph.D. 
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See  appendix  table  5-17 
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sciences  and  computer  science  have  maintained  relatively 
younger  researcher  pools,  while  mathematics  has  "aged" 
the  most.  (St>e  text  table  ,5-6  and  appendix  table  ,5-17.) 

Research  Participation 

Throughout  the  1980s.  a  growing  proportion  of  aca¬ 
demic  scientists  and  engineers  in  all  age  groups  report¬ 
ed  that  they  participated  in  research.  For  example,  while 
74.2  percent  of  those  within  3  years  of  receiving  their 
doctorates  reported  such  involvement  in  1979,  by  1989, 


Text  table  5-6. 

Academic  doctoral  researchers  by  number  of  years  since  doctorate  award  and  field 


Field 

Years  since 
degree 

1973 

1979 

1981 

1989 

1991 

— 

- Percentage  in  age  group - 

- 

Total  science  and  engineering . 

.  1-7 

46.8 

34,6 

33.6 

25.4 

30.9 

.  >15 

25.8 

29.8 

31.9 

47.0 

42.6 

Physical  sciences . 

.  1-7 

43,5 

26.1 

273 

21.6 

27.7 

.  >15 

26.5 

35.9 

39.3 

59.0 

53.3 

Mathematics . 

.  1-7 

55.9 

28.0 

28.2 

18.8 

28.8 

.  >15 

18.1 

25,9 

31.3 

56.9 

43.6 

Computer  sciences . 

.  1-7 

47.5 

40.3 

43.3 

26.8 

41,0 

.  >15 

21.9 

21.0 

21.3 

39.6 

35.1 

Environmental  sciences . 

.  1-7 

46.0 

33.6 

35.0 

26.1 

28.4 

.  >15 

24.7 

29.6 

30.1 

44.9 

42,0 

Life  sciences . 

.  1-7 

42.6 

36.9 

35.9 

29,2 

32.5 

.  >15 

31.6 

30.7 

31.1 

42.0 

38.4 

Psychology . 

.  1-7 

51.3 

44.5 

39.2 

26.3 

31.3 

.  >15 

21.9 

25.2 

26.2 

44.1 

43.1 

Social  sciences . 

.  1-7 

51.7 

41.5 

37.5 

23.7 

29.4 

.  >15 

23.4 

23.3 

26.8 

44.0 

41,9 

Engineering . 

.  1-7 

47.5 

24.7 

22.7 

21.3 

30.2 

.  >15 

19.7 

34.6 

40.5 

55.2 

46.9 

See  apnondix  table  5-1 7. 
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Participation  of  Graduate  Students  in  Academic  R&D 


In  1989,  28  percent  of  all  full-time  graduate  stu¬ 
dents  (79,59.'!)  were  supported  by  research  assis- 
tantships.  While  the  total  number  of  full-time  s^yi-:  grad¬ 
uate  students  whose  primary  source  of  support  was  a 
research  assistantship  continued  to  rise  to  a  reported 
84,901  in  1991,  the  upward  trend  in  the  proportion  of 
students  so  supported  ended  in  1989 — concluding  a  7- 
year  trend.  For  both  1990  and  1991,  27.5  percent  of 
full-time  graduate  s..yK  students  received  such  support. 

Since  1972,  the  Federal  Government  has  provided 
research  assistantships  to  an  increasing  number  of 
full-time  S&K  graduate  students  (40,009  or  13  percent 
in  1991),  but  again  the  proportion  so  supported  has 
remained  quite  steady,  tluctuating  around  12  to  14  per¬ 
cent.  Similarly,  although  nonfederal  research  assis¬ 
tantships  were  awarded  to  an  increasing  proportion  of 
students  (from  9  percent  in  1979  to  14  percent  by 
1989),  that  proportion  also  stopped  growing  in  1989. 
The  inc'case  in  numbers  of  nonfederal  research  assis- 
tan.ship  awards  continued,  but  the  proportion 
remained  at  14  percent  in  1991.  (See  figure  ,5-11  and 
appendix  table  .5-18.) 

Certain  s&i-  fields  have  higher  proportions  of  gradu¬ 
ate  students  supported  by  research  assistantships.  'fhe 
physical  and  environmental  sciences  and  engineering 
continue  to  have  the  highest  [iroportions  of  graduate 
students  supported  by  research  assistantships 
(between  38  and  42  percent),  followed  by  the  life  sci¬ 
ences  (31  percent).  In  contrast,  only  16  percent  of 


mathematics  and  computer  science  students  had  such 
support:  this  support  was  evenly  split  between  federal 
and  nonfederal  sources.  Thirteen  percent  each  of  the 
students  in  psychology  and  the  social  sciences  were 
supported  by  research  assistantships  provided  primari¬ 
ly  by  the  nonfederal  sector.  (See  appendix  table  .5-18: 
for  more  information  on  graduate  student  support,  see 
chapter  2.) 

Figure  5-11. 

Proportion  of  full-time  graduate  students  in  science 
and  engineering  with  research  assistantships, 
by  source 

Percent 


1979  1981  1983  1985  1987  1989  1991 


See  appendix  table  5-18  Science  5  Engineering  Indicators  -  1993 


this  proportion  had  risen  to  84.6  percent.  Similarly,  of 
those  more  than  15  years  beyond  receipt  of  their  doctor¬ 
ates,  60  iiercent  reported  research  involvement  in  1979 
compared  to  71  pereent  in  1989.  P.y  1991,  this  trend 
toward  ever-greater  iiroportions  reporting  research  activ¬ 
ities  ajipears  to  have  leveled  off  for  most  fields  and  age 
groups — and  even  to  have  reversed  in  some  vases.  'Hie 
attenuation  in  research  intensity  is  further  demonstrati'd 
by  a  fiattening  out  of  the  jiroportion  of  graduate  students 
suppoiled  by  research  assistantships.  (.See  “Participation 
of  Graduate  Students  in  Academic  Kc'cl)"  and  appendix 
table  ,5-18.) 

Federal  Support  of  Academic  S&E 
Researchers 

Although  the  Federal  Government's  share  of  academic 
RiVI)  funding  declined  from  67  jiercent  in  1979  to  about 
60  iiercent  in  1989.  a  rising  iiroportion  of  all  academic 
researchers  rep(,rled  receiving  at  least  some  federal  siqv 
port  for  (heir  work.  These  incri'ases  were  experienced 
by  all  age  groups  and  all  major  fields  (excejit  the  social 
sciences,  which  maintained  tlu'ir  1979  level  of  federal 
suiiiioi  ')>■  1991,  the  federal  shari'  droi)i)ed  still  further 


to  .58  iiercent.  and  the  rate  of  increase  in  federal  funding 
slowed.  Ihi'  decade-long  tn'iid  of  increasing  jiroportions 
of  academic  ri'searchers  with  federal  siqiport  stopjied, 
although  remaining  generally  higlu-r  than  a  decacie  ago 
for  most  fields  and  age  groups.  (.See  apiiendix  table  ;5-19.) 

Overall,  the  1991  declini'  in  the  federally  sup|)orted 
proportion  occurred  among  younger  doctorate-holders, 
especially  those  in  the  physical,  life,  and  social  sciences, 
and  in  psychology.  Mathematics  (which  traditionally  has 
had  a  low  proportion  of  federally  sup()orted  re¬ 
searchers).  the  environmental  sciences,  enginem'ing, 
and — to  a  lesser  degree — tlu'  computer  sciences  are 
excejitions  to  the  general  trend. 

Notable  field  differences  exist  in  the  jiroiiortion  of 
researchers  with  federal  supjiort.  Abov<’  the  mean  of  ,58 
IKTcent  for  all  S^XI-:  are  the  environmental,  life,  and  physical 
sciences,  and  engiiU'cring,  which  rangi'd  from  65  to  75  iX'r- 
C(‘nt.  riu'  cominitt'i'  scienci's.  mathematics,  psychology, 
and  the  social  sciences  ari'  bedow  the  mean,  ranging 
from  29  to  48  percent.  (See  figure  5-12.)  For  related 
information  on  federal  support  of  academic  researchers, 
see  “Multiple  Versus  Single  Agency  Support"  and 
“Participation  of  Graduate  .Students  in  ,'\cademic  R.yl)." 
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Figure  5-12. 

Academic  doctoral  researchers  reporting 
federal  support,  by  field:  1991 


Percent 

See  appendix  table  5-19.  Science  S  Engineering  Indicators  -  1993 

Outputs  of  Academic  R&D: 
Scientific  Publications  and  Patents 

A  principal  output  of  university  research  is  new  knowl¬ 
edge — an  output  that  is  difficult  to  conceptualize  and 
measure.  Nonetheless,  several  useful  indicators  of  the 
outputs  of  academic  R&I)  do  exist.  One  such  indicator  is 
publication  counts — that  is,  the  number  of  scientific  and 
technical  journal  articles.  Another  useful  indicator  is  the 
number  of  patents  awarded  to  r.s.  universities.--  Both  of 
these  indicators  are  discussed  below.  For  a  discussion  of 
another  main  output  of  academic  institutions — t'ducated 
students — to  which  research  contributes,  see  chapter  2. 
“Higher  Education  in  Science  and  Engineering." 

World  Literature  in  Key  Journals  ' 

U.S.  Share.  Scientists  and  engineers  in  the  United 
States  continue  to  produce  a  substantial  share  of  the 
world’s  new  s^vi;  knowledge.  In  1991.  l  .s.  authors  pub 
lished  over  142,000  articles  in  the  natural  sciencx's  and 
engineering  in  a  set  of  2»..‘i00-plus  journals:  over  70  per- 


■S-c  i  li;i|)lcr  f).  ''I’nli  iilfd  liivi  nli<iMs."  lor  a  diM  ii-'sioii  ol  llic  Ilmila- 
lioH'  of  palcnls  data. 

■'I  hose  piibliralioM  coimt  data  arc  based  on  a  set  ol  more  Ilian  i’.bIKt 
inlliienlial  li  ebnieal  journals  tracked  by  the  Inslilii!'.'  of  Scienlifie 
Infornialion  in  its  Science  Citation  index.  (  I’lie  social  sciences  ,ind 
".ocial  aspects  of  psycboloye.-  are  not  captured  in  Ibis  data  set.)  I;  is 
unclear  what  sliare  '  Ibe  total  world  S'.l  jinblications  i  represi-nled 
bv  ibi’se  journals.  However.  Ibis  set  is  generally  considered  to  be  re)>- 
re'cnl.ilivi'  of  scienlifu-  and  lecbnical  jo.irntils  of  iiie  Western  indiisiri- 
ali/ed  nalionv,  ihonydi  less  so  of  oibei  countries.  I’liblicalion  comil- 
liefore  I'.tSl  are  liased  on  a  smaller  set  of  journals — aromid  ii.llK) — but 
many  of  ibe  relative  trends  (i.e..  field  or  cotmiry  share.-)  appear  to 
bold  Irne  acro's  tbe  two  data  sets. 


cent  of  these  publications  came  from  the  academic  sec¬ 
tor.  'I'he  total  number  of  1  .s.  articles  accounted  for  3.5 
(XM'cent  of  the  world’s  output  in  these  fields.  'I'his  propor¬ 
tion  represents  a  modest  decline  of  about  1  iXTcentage 
point  since  1981.  continuing  a  gradual  decline  in  world 
share — albeit  at  an  attenuated  rate — that  began  during 
the  197()s.  (See  appendix  table  5-21.) 

This  trend  has  not  affected  all  fields  equally.  (See  fig¬ 
ure  .5-14  and  appendix  table  .5-21.)  In  chemistry,  the 
United  States  had.  by  1991.  regained  the  world  share  it 
held  in  the  early  197()s  (23  percent):  in  mathematics,  the 
U.S.  national  share  increased,  even  though  its  actual 
number  of  articles  declined,  largely  because  of  a  still 
greater  decline  in  the  number  of  articles  in  this  field 
worldwide.  The  reverse  held  tme  for  clinical  medicine. 
In  this  field,  world  publications  increased  more  rapidly 
than  did  the  number  of  I'.s.  articles,  leading  to  a  declin¬ 
ing  I'.s.  share.  In  engineering  and  technology,  both  I  ..s. 
articles  and  i'.s.  world  share  declined  strongly  during 
the  198()s,  losing  almost  5  percentage  points,  (iains  and 
losses  for  some  specific  specialties  (some  of  which  have 
relatively  few  publications)  are  even  more  pronounced. 
(See  appendix  table  5-22.) 

Nevertheless,  the  l  .s.  share  of  world  publications  far 
exceeds  that  of  any  other  single  country'.  (.Sc^e  appendix 
table  5-23.)  In  1991.  the  L’nited  States  produced 

♦  ‘23  percent  of  the  world  literature  in  chemistry, 

♦  30  percent  of  physics  publications,  and 

♦  between  36  and  42  percent  of  the  literature  in  the 
other  major  fields. 

Foreign  Country  Shares.  Scientists  and  engineers  in 
the  United  States,  the  European  Community,  and  Japan 
produce  about  two-thirds  of  the  world’s  influential  SX:K 
literature.  As  noted  earlier ,  the  United  States  accounts 
for  the  largest  share — 35  percent  of  the  total  in  1991. 
Authors  in  all  European  Community  countries  together 
accounted  fiir  another  27  percent,  with  the  United  King¬ 
dom.  (iermany,  and  France  contributing  7.5,  6.8.  and  4.8 
percent,  respective  iy.  Japan  provided  8.5  percent  of  the 
world's  total  scientific  and  technical  literature  in  1991: 
the  formier  Soviet  Union  contributed  about  7  percent. 
Canada  accounted  for  the  next  largest  share  of  the  litera¬ 
ture  at  4.2  percent.  Sweden,  the  Netherlands,  Australia, 
and  India  contributed  about  2  jxrcent  each,  as  did  the 
Eastern  and  Central  European  countries  outside  the  for¬ 
mer  Soviet  Union  (down  from  3  perct-'t  a  decade  earli¬ 
er).  About  1  percent  each  was  contributed  by 
Switzerland,  China,  and  the  Asian  newly  industrialized 
countries  grou]).  'Hie  latter  two  entitit's  increased  from 
0.3  and  0.2  percent,  respectively,  in  1981.-  (See 
appendix  table  .5-23.) 

Null-  ih.il  liir  (Ifvcliiiiim;  and  l'a-.liTn  and  Ci  nlral  Iaini|H‘an  vomi 
Irii-..  abxiliilv  11^11-.  nl  iml)livaliiin'  arc  Ic-—  imixirlanl  Ilian  tin-  trends 
in  their  puhlk  alinris  hchai  inr  —  i.e  .  declines  ter  the  Innncr  durini;  the 
lU.sos.  and  sinitn;  iiu  re.ises  Urom  a  small  lias,  )  lor  somi'  ol  the  latter. 
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Multiple  Versus  Single  Agency  Support* 


Between  1979/81  and  1989/91,  there  were  increases 
in  both  the  number  and  percentage  of  s&K  doctorate 
recipients  employed  at  u.s.  universities  and  colleges 
who  reported  that  they  received  support  from  the 
Federal  Government.  These  increases  occurred  in  all 
s&i;  fields.  While  the  majority  (80  percent  in  1979/81) 
of  academic  s&K  doctorateholders  reported  receiving 
support  from  only  a  single  federal  agency,  a  growing 
proportion — 28  percent  in  1989/91,  compared  to  20 
percent  in  1979/81 — reported  support  from  a  number 
of  agencies.  (See  figure  5-13  and  appendix  table  5-20.) 

The  extent  of  reliance  on  single  or  multiple  agency 
support  varied  considerably  by  s&E  field  both  in  the 
earlier  and  later  periods.  However,  all  s&K  fields 
reported  an  increase  in  the  percentage  of  those  feder¬ 
ally  supported  academic  doctorate  recipients  support¬ 


ed  by  more  than  one  agency:  The  largest  increase 
occurred  in  the  computer  sciences,  which  rose  from 
about  21  to  39  percent. 

Mathematical  scientists,  life  scientists,  social  scien¬ 
tists,  and  psychologists  report  the  highest  percentage 
(about  80  percent  in  1989/91)  of  reliance  on  a  single 
agency  for  their  support.  The  lowest  percentage  was 
reported  by  federally  supported  academic  doctoral 
environmental  scientists  (50  percent).  The  remaining 
fields — physical  sciences,  computer  sciences,  and 
engineering — fall  somewhere  in  between  these  pro¬ 
portions. 

*Tht'  data  underlying  this  discussion  are  derived  from  a  question  in 
the  biennia]  Survey  of  Doctorate  Recipients.  Respondents  are  asked 
whether  they  have  received  federal  support  and.  if  so.  from  which 
agencies. 


Figure  5-13. 

Proportion  of  federally  supported  academic  doctorate-holders  reporting  multiple  agency  support,  by  field 


20  1979/8t 


Total  acianca  Computer  Engineering  Environmental 
and  anginaaring  sciences  sciences 


Mathematics 


Physicat 

sciences 


Psychotogy 


NOTE  Each  bar  represents  data  (or  two  years  —  either  1979  and  1981  or  1989  and  1991 
See  apoendix  labte  5-20 
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Figure  5-14. 

Percentage  change  In  U.S.  share  of  world 
scientific  and  technical  articles:  1981-91 


Percent 


NOTE:  There  was  no  change  in  share  for  biology  articles. 

See  appendix  table  5-21 .  Science  S  Engineering  Indicators  -  1993 


International  Coauthorship.  A  strong  trend  is  evi¬ 
dent  toward  international  coauthorship.^  (See  appendix 
table  5-24.)  In  1991, 11  percent  of  the  world’s  scientific  and 
technical  articles  were  internationally  coauthored,  double 
the  proportion  of  a  decade  earlier.  This  rise  in  coauthor¬ 
ship  has  affected  all  major  fi.’lds.  The  earth  and  space  sci¬ 
ences,  mathematics,  and  physics  have  the  largest  percent¬ 
ages  of  coauthored  articles.  (See  figure  5-15.) 

U.S.  Publication  Patterns.  Over  60  percent  of  U.s. 
publications  in  1991  were  in  the  life  sciences,  particularly 
in  clinical  medicine  and  biomedical  research,  which 
together  accounted  for  more  than  half  of  u.s.  publica¬ 
tions.  (See  figure  5-16.)  This  proportion  for  the  life  sci¬ 
ences  as  a  whole  has  been  roughly  stable  over  the  past 
decade.  (See  “U.S.  and  World  Publications  in  Biology 
and  Biomedical  Research”  and  appendix  table  5-21.) 

The  sectoral  origins  of  U.S.  science  and  engineering 
articles  remained  quite  stable  during  the  1980s  with  a 
marginal  increase  in  the  academic  share  and  offsetting 
declines  in  those  of  ffrdcs  and  the  Federal 
Government.  About  70  percent  of  U.s.  articles  are  pub¬ 
lished  by  academic  researchers.  Industry,  the  Federal 
Government,  and  nonprofit  organizations  contribute  7  to 
9  percent  each,  while  about  3  percent  are  written  by 
FFRDC  researchers.  (See  appendix  table  5-25.) 


"In  intemalional  coauthorship  situations,  at  least  one  author’s  insti¬ 
tutional  affiliation  is  in  a  country  different  from  that  ol  'he  other(s). 


Figure  5-15. 

Internationally  coauthorad  articlaa  aa  a 
percentage  of  all  articlea 

Percent 


1976  1981  1986  1991 


NOTE:  Life  science  publications  are  articles  in  clinical  medicine, 
biomedical  research,  and  biology. 
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In  all  fields  except  mathematics,  academic  authors 
supplied  between  60  and  77  percent  of  U.S.  articles.  In 
mathematics,  they  account  for  92  percent  of  the  arti¬ 
cles.*'  Major  field  concentrations  for  industry  are  found 
in  engineering  and  technology  (24  percent  of  total)  and 
in  chemistry  and  physics  (17  percent  each);  major  con¬ 
centrations  for  the  Federal  Government  are  in  earth  and 
space  sciences  (15  percent)  and  biology  (14  percent);  for 
nonprofit  organizations  in  clinical  medicine  (13  percent); 
and  for  ffrdcs  in  physics  (13  percent). 

Industry-University  Coauthorship.  An  increasing 
share  of  the  articles  published  by  industry-based  authors 
is  coauthored  with  academic  scientists  or  engineers.  In 
1991,  35  percent  of  all  industry  articles  had  such  coau¬ 
thorship — up  from  22  percent  a  decade  earlier.**  The 
trend  toward  industry-university  coauthorship  affected  all 

’’Coincidentally,  this  field  has  a  relatively  small  share  of  researchers 
supported  by  federal  funds. 

’^is  increase  in  university-industry  cooperation  is  also  reflected  in 
funding  patterns  (see  chapter  4  and  ‘Financial  Resources  for 
Academic  RAD,"  earlier  in  this  chapter). 


152  ♦ 


Chapter  5.  Academic  Research  and  Development 


Figure  5-16. 

Distribution  of  U.S.  publications  by  field:  1991 
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major  fu-lds,  albeit  to  vaiyiiijr  (legrtvs.  Iiulustiy  articles  in 
chemistry  ;iikI  etitriiieering  and  tecimology  were  least 
likely  to  have  a  university-based  coauthor  (24  and  26  per¬ 
cent,  rt'spectively):  those  in  the  life  science  fields  and 
miithetnatics  were  the  tnost  likely  (40  to  49  percent). 
(See  appendix  table  ,')-2(i.) 

Patents  Awarded  to  U.S.  Universities 

I'he  recent  tnarked  increase  in  university  patenting 
may  be  seen  as  an  indicator  of  the  potr-ntial  role  academ¬ 
ic  KM)  cati  i)lay  in  the  development  of  technology  and 
nevs  products.  'I'he  number  of  patents  awarded  to  f.-S. 
univi  rsities,  which  had  increased  sharply  during  the 
lOSOs.  continued  to  rise  through  1991.  (See  appendix 
table  .')-27.)  In  1991.  1.224  iiatents  were  awarded  to  aca¬ 
demic  institutions,  compared  to  ;i  jirevious  high  of  1.218 
in  lt)89  and  only  427  a  decade  earlier.  I  he  increase  dur¬ 
ing  the  eighties  was  partly  due  to  a  1980  change  in  I  .s. 
patent  km  that  allows  academic  institutions  and  small 
businessi’s  to  retain  titU‘  to  inventions  resulting  from  fed¬ 
erally  su|)ported  Kxt).  In  1991,  t  .s.  universities  received 
1.1  percent  of  all  t  .s.  iiatents.  u[)  from  1.0  pi-rcent  in 
1981). 

1  niversit\  patenting  incretisi’d  ptirticularly  rapidly  dur¬ 
ing  the  second  half  of  tlu‘  1980s  and  I’arly  199()s.  In  fact. 
21  perci'Dt  of  all  patents  issued  to  t  .s.  actidemic  institu¬ 
tion''  '^ince  lt)()9  were  awarded  in  1990-91.  Prominent 
among  higher  volume  patent  classes  in  the  late  1980s 
and  earK  199(ls  were  those  involving  lu-alth  or  biomedi¬ 
cal  ai)|)lications:  supeiionductor  technolog}’;  chemislty; 
optics;  and  lomputing.  electronics,  atid  information  pro¬ 
cessing,  (See  appendix  table  .’>-28.) 

111!  pill  kirgest  research  universities  account  for  a 

i  »i.  til's  |.  pit  s,  111  ,,  pt.i.  iiiial  •s,,ui\T  «i!  lund"  lur  .uiulffnif  iiwliui 

IP'!;  -  I  t  'i  .  1)1  !'-i  <li-»  u-s^ion  III  iliis.  ,  M-f  ■■Int  uiiir  rnmi  ralfnlini! 
-iii'l  I  h  '•ii-'iiu;  \ii.ink:''nH  Ill's  " 


U.S.  and  World  Publications  in  Biology 
and  Biomedical  Research 

There  has  been  a  shift  in  the  relative  field  distri¬ 
butions  between  articles  in  biomedical  research  and 
those  in  biology,  both  in  the  United  States  and 
worldwide.  Between  1981  and  1991,  the  number  of 
biomedical  articles  published  worldwide  has 
increased  by  24  percent,  and  by  22  percent  for  U.S. 
authored  articles.  In  contrast,  articles  reporting 
biology  research  results  fell  by  9  percent  world¬ 
wide,  and  by  11  percent  for  the  United  States.  (See 
figure  5-17.) 


Figure  5-17. 

Shifts  in  U.S.  and  world  articles  in  biomedical 
research  and  biology 

Thousands 


1981  1983  1985  1987  1989  1991 
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large  share  of  all  academic  pali-iUs — about  8.5  iiercent  in 
the  1987-91  period.  (See  appendix  table  .5-27.)  I'liis  pro¬ 
portion  was  an  increasi-  over  the  1969-75  jjeriod.  wlu'ii 
these  institutions  received  75  percent  of  the  patents. 
Ih'tween  1969  and  1975.  only  64  of  the  top  100  received 
patents;  in  the  1987-91  period,  this  number  rose  to  88. 

Uowevv-r,  a  composition  shift  has  taken  place  in  aca¬ 
demic  patenting.  The  veiy  largest  (to|)  20  by  research 
volume)  and  ver\'  smallest  institutions  (i.e..  thosi-  rankl'd 
below  100)  are  being  awarded  a  smaller  share  of  all  aca¬ 
demic  Iiatents  than  in  tlu'  past,  wliili'  institutions  ranked 
21  to  100  havi'  growing  shares.  (See  figure  .5-18.)  This 
trend  refiects  relatively  stronger  growth  in  patenting 
aclivit}'  among  the  middle-tier  institutions. 
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Income  From  Patenting  and  License  Arrangements 


Although  no  nationally  representative  data  are  avail¬ 
able  on  the  revenues  universities  derive  from  patents 
and  licensing  arrangements,  a  recent  General 
Accounting  Office  study  (GAO  1992)  reported  on  the 
patent  and  licensing  activities  of  35  major  research  uni¬ 
versities: 

“During  fiscal  years  1989  and  1990,  the  35  universi¬ 
ties  in  our  study  (1)  granted  197  exclusive  licenses  and 
339  nonexclusive  licenses  and  (2)  earned  $29.3  million 
from  exclusive  licenses  and  $52.7  million  from  nonex¬ 
clusive  licenses.  Typical  licensees  given  exclusive 
rights  to  commercialize  the  results  of  federally  funded 


research  were  small  I'.s.  businesses:  and  most  exclu¬ 
sive  licensees  were  pharmaceutical,  biotechnology,  or 
other  medical  companies. 

“Most  of  the  surveyed  universities  substantially 
expanded  their  programs  to  transfer  technologj’  to 
businesses  during  the  1980s.  Twelve  universities 
formed  an  office  to  license  technoiog\',  wiiile  many 
others  expanded  and/or  reorganized  their  technology 
licensing  activities.  For  example.  Harvard  University, 
which  granted  its  first  license  in  December  1980, 
granted  39  licenses  in  fiscal  year  1990.” 


Figure  5-18. 

Proportion  of  patents  granted  to  academic 
institutions,  by  volume  of  institutions' 
research  activity 

Percent 


NOTE:  Research  volume  is  based  on  1988  R&D  expenditures. 
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Highlights 


INTERNATIONAI.  ECONOMIC  COMPARISONS 

4  The  United  States  economy  continues  to  rank  as 
the  world’s  largest  and  Americans  continue  to 
enjoy  one  of  the  world’s  higher  standards  of  liv¬ 
ing — but  other  parts  of  the  world  are  quickly 
catching  up.  Japan’s  economy  was  less  than  10  j)er- 
cent  of  the  i  .s.  economy  in  1960  and  trailed  most  of  the 
major  European  economies.  By  1991,  it  had  grown  to 
be  the  world's  second  largest  economy  with  a  gross 
domestic  product  (ODP)  twice  that  of  former  West 
Germany  and  equal  to  nearly  42  pc'rcent  of  I  .s.  (;i)l>. 
Several  Asian  newly  industrialized  economies  show 
similar  patterns  of  growth  starting  in  the  late  1970s. 

♦  Comparisons  of  general  levels  of  labor  productiv¬ 
ity,  measured  by  GDP  per  employed  person, 
again  show  other  parts  of  the  world  quickly  clos¬ 
ing  in  on  the  l!.S.  lead  position.  For  the  past  40 
years,  labor  productivity  growth  in  the  United 
States  consistently  fell  below  almost  all  other 
countries.  In  1960, 1'.s.  (it)!'  per  employed  ptTson  was 
twice  that  calculated  for  most  European  nations  and 
four  times  that  calculated  for  Japan.  By  1991.  the  gap 
closed  significantly  with  labor  productivity  rates  in 
many  European  nations  and  in  Japan  rising  to  70  to  90 
percent  of  the  I'.s.  rate. 

The  Globai.  Markets  for  U.S.  Technology 

♦  The  United  States  continues  to  be  the  leading  pro¬ 
ducer  of  high-tech  products,  responsible  for  over 
one-third  of  total  OECD-country  production. 

However,  its  leadership  is  being  challenged  by  Japan, 
which  increased  its  share  of  OECD  production  of 
high-tech  products  during  the  1980s  and  early 
nineties. 

♦  The  market  competitiveness  of  li.s.  high-tech 
industries  varies  by  industry.  Of  the  six  industries 
that  form  the  high-tech  group,  three  l  .s.  industries — 
those  producing  scientific  instruments,  drugs  and 
medicines,  and  aircraft — gained  global  market  share 
during  the  198()s  and  maintained  that  market  share 
into  the  early  1990s. 

♦  Despite  a  domestic  focus,  li.s.  producers  are 
important  suppliers  of  high-tech  products  in 
overseas  markets,  li.s.  producers  led  all  other 
countries  in  high-tech  exports  in  1981  and  1982. 
Japan’s  exports  of  high-tech  products  surpassed  the 
United  States  ai.d  Gennany  in  1983  and  continued  to 
lead  by  varying  margins  through  1992. 

4  Of  the  six  industries  that  form  the  high-tech 
group,  in  1992  Japan  led  the  world  in  exports  of 
communication  equipment,  computer  equipment. 


electrical  machinery,  and  in  exports  of  scientific 
instruments.  The  United  States  was  the  leading 
exporter  in  only  one  high-tech  industry — aircraft. 

4  By  the  mid-1980s,  n.s.  high-tech  exports  failed 
to  keep  pace  with  l'..s.  imports  of  high-tech 
products  producing  persistent  annual  trade 
deficits  through  1992.  Trade  in  computer  and 
office  equipment  shows  the  greatest  deficit  of  all  the 
high-tech  areas.  Nevertheless,  three  of  the  six  high- 
tech  areas  continue  to  show  trade  surjiluses;  aircraft, 
phannaceuticals,  and  scientific  instruments. 

4  The  United  States  is  the  world’s  largest  national 
market  for  hi^-tech  products,  and  U.S.  demand 
for  high-tech  products  was  increasingly  met  by 
foreign  suppliers  during  the  1980s  and  into  the 
early  1990s.  Import  penetration  of  l  .s.  high-tech 
markets  was  deepest  in  the  computer  industry. 
Foreign  suppliers  also  gained  market  share  in  the 
other  industrialized  countries,  including  Japan.  Still, 
as  of  1992.  Japan  continues  to  be  the  most  self-reliant 
among  the  major  industrialized  countries. 


4  Despite  a  two-decade  decline  in  its  internation¬ 
al  share  of  all  industrial  R&D,  the  United  States 
remains  the  leading  performer  of  industrial  R&D 
by  a  wide  margin.  In  1990,  it  surpassed  the  com¬ 
bined  R&l)  performed  in  the  industrial  sector  of  the 
12-nation  European  Community  and  was  twice  that 
performed  in  Japan. 

4  R&D  is  highly  concentrated  in  a  few  industries. 
Eight  industries  accounting  for  over  80  percent 
of  all  industrial  R&D  performed  in  this  country. 

The  aircraft  and  communications  equipment  indus 
tries  have  consistently  been  the  largest  perfonners  of 
R&D  in  the  United  States.  The  li.s.  computer  and  office 
equipment  industry  has  taken  over  third  place  from 
the  U.-S.  motor  vehicle  industry.  In  1990,  these  three 
industries  together  accounted  for  over  .50  percent  of 
all  industrial  R&D  performed  in  the  United  States. 

4  Since  1973,  R&D  performance  in  Japanese  manu- 
&cturing  industries  grew  at  a  hi^er  annual  rate 
than  in  the  United  States,  and,  since  1980,  faster 
than  all  other  industrialized  countries.  Industrial 
R&D  in  Japan  is  less  concentrated  than  in  the  United 
States,  with  its  top  three  R&D  perfonning  industries — 
communications  equipment,  motor  vehicles,  and  elec¬ 
trical  machinery — accounting  for  around  40  percent  of 
national  total.  Rapid  R&D  growth  in  the  Japanese  com¬ 
puter  and  office  equipment  industry  during  the  1970s 
and  1980s  moved  that  industry  among  that  country’s 
top  five  industry  performers  by  1984. 


Industrial  R&D 
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♦  Gennan  industrial  R&O  appears  to  be  somewhat 
less  concentrated  than  in  the  United  States,  but 
more  so  than  in  Japan  with  the  same  five  indus¬ 
tries  leading  the  country  in  r&d  performed.  The 

five  industries  included  in  the  top  five  R&l)  performers 
in  Germany  mirror  German  commercial  prominence 
as  a  supplier  of  world-class  machinery  and  motor  vehi¬ 
cles. 

Patented  Inventions 

♦  The  number  of  u.s.  patents  granted  to  Americans 
has  been  increasing  since  1983,  Patent  activity  by 
foreign  inventors  in  the  United  States  generally  fol¬ 
lowed  the  U.S.  trend,  although  the  number  of  foreign- 
origin  patents  granted  declined  somewhat  slower  dur¬ 
ing  1976-83  and  increased  somewhat  faster  after  1983. 

♦  Foreign  patenting  in  the  United  States  is  highly 
concentrated  by  country  of  origin.  Inventors  from 
the  European  Community  and  Japan  account  for  80 
percent  of  all  foreign-origin  U.s.  patents.  Newly  indus¬ 
trialized  economies,  notably  Taiwan  and  South 
Korea,  dramatically  increased  their  patent  activity  in 
the  United  States  during  the  last  half  of  the  1980s. 

♦  Recent  patent  emphases  by  foreign  inventors  in 
the  United  States  show  widespread  international 
focus  on  several  commercially  important  tech¬ 
nologies.  Japanese  inventors  are  earning  patents  in 
information  technology,  as  are  German  inventors, 
who — along  with  French  and  British  inventors — are 
also  showing  high  activity  in  biotechnology-related 
patent  fields.  Inventors  from  Taiwan  and  South  Korea 
are  earning  an  increasing  number  of  U.s.  patents  in 
technology  fields  related  to  communications  and  elec¬ 
tronic  componentry. 

♦  Americans  successfully  patent  their  inventions 
around  the  world.  In  1990,  countries  in  which  U.S. 
inventors  received  more  patents  than  other  foreign 
inventors  included  Japan,  the  United  Kingdom, 
Canada,  Mexico,  Brazil,  and  India. 

♦  International  patenting  in  three  important  tech¬ 
nologies — robot  technology,  genetic  engineering, 
and  optical  fibers — underscores  the  inventive 

Introduction 

Chapter  Background 

Perhaps  not  since  the  launch  of  Sputnik  has  the  national 
spotlight  been  turned  so  directly  on  the  U.s.  science  and 
technology  (s,';  r)  enterprise.  In  these  post  Cold  War  times, 
policy  interests  have  become  more  narrowly  focused  on  the 
economy  and  on  finding  ways  to  improve  t^.s.  economic 
competitiveness.  U.s.  science  and  engineering,  and  the  tech¬ 
nologies  that  emerge  from  related  research  and  develop¬ 
ment  (R&D)  activities,  are  vridely  recognized  for  their  contri- 


activi^  by  the  United  States,  Japan,  and  Europe 
in  these  diverse  technolc^es.  Based  on  an  exami¬ 
nation  of  national  patenting  activity  in  33  countries 
during  1980-90,  Japan  and  the  United  States  lead  in 
overall  technological  activity  in  these  areas. 

♦  U.S.  position  in  these  technologies  improved 
over  the  decade  as  did  the  technological  signifi¬ 
cance  of  its  inventions  corrected  for  level  of 
activity.  However.  Japan’s  contribution  to  the  most 
significant  work  in  these  technologies  is  lower  than 
would  be  expected  based  on  its  high  level  of  activity. 
Great  Britain  and  France  appear  to  produce  signifi¬ 
cant  new  technologies  at  a  higher  rate  than  would  be 
expected  based  on  their  somewhat  lower  level  of 
international  patent  activity. 

Small  High-Tech  Business 

♦  Since  the  late  1980s,  there  has  been  a  sharp 
decline  in  new  high-tech  company  formations. 

This  decline  follows  a  period  of  rapid  formation  of 
such  companies  during  the  second  half  of  the  1970s 
and  into  the  early  1980s. 

♦  Software  development  companies  exhibited  strong 
relative  share  growth  in  the  early  1990s.  Other 
fields  experiencing  such  growth  were  the  biotechnolo¬ 
gy,  advanced  materials,  and  photonics  and  optics  fields. 

♦  Fewer  than  7  percent  of  U.S.  hi^-tech  compa¬ 
nies  are  foreign  owned — down  from  1 1  percent 
just  2  years  agp.  The  United  Kingdom  is  the  largest 
foreign  holder  of  U.S.  high-tech  companies,  followed 
by  Japan  and  Germany. 

New  High-Tech  Competitors 

♦  Several  Asian  countries  seem  headed  toward 
future  prominence  in  technology  development  and 
a  greater  presence  in  global  high-tech  product 
markets,  when  a  model  of  leading  indicators  is  applied. 
Taiwan  and  South  Korea  seem  best  positioned  to 
enhance  their  stature  in  technology-related  fields  and 
their  competitiveness  in  high-tech  markets.  Malaysia 
and  Singapore  could  be  the  next  Asian  “tigers,” 
although  their  technological  base  seems  narrower  than 

butions  to  the  Nation’s  economic  growth.  Accordingly,  they 
are  an  important  component  of  the  national  effort  to  improve 
l  .s.  comix'titiveness. 

Bolstered  by  both  private  and  public  investments  in  R&D. 
American  technological  innovation  spawned  new  indus¬ 
tries.  revolutionized  the  way  manufacturing  was  done,  and 
raised  exiiectations  as  to  how  products  should  (X'rform.  I  .s. 
leadership  in  the  world  economy  was  made  possible  by 
these  many  technological  breakthroughs — breakthroughs 
made  possible  by  the  l  .s.  science  and  engineering  enter¬ 
prise  during  the  2()th  century. 
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Today,  the  United  States  is  facing  a  challenging  glob¬ 
al  economy  that  becomes  more  dynamic  and  more 
intensely  competitive  with  each  passing  decade. 
Previously,  the  lower  paid,  labor-intensive  IJ.S.  indus¬ 
tries  fell  victim  to  global  competition;  by  the  1980s,  how¬ 
ever,  li.s.  high-tech  industries  also  found  iriLense  foreign 
competition — especially  from  Japan  and  Europe — in 
markets  they  once  dominated.  And  in  the  1990s,  compe¬ 
tition  opened  on  yet  another  front  as  several  of  the 
newly  industrialized  economies  (NIEs)  posed  new  chal¬ 
lenges  for  u.s.  producers. 

A  nation’s  competitiveness  is  often  evaluated  on  its 
ability  to  produce  goods  that  find  demand  in  international 
markets  while  simultaneously  maintaining,  if  not  improv¬ 
ing,  the  standard  of  living  of  its  citizens.*  Although  the 
U.s.  economy  continues  to  rank  as  the  world’s  largest, 
and  Americans  continue  to  enjoy  one  of  the  world’s  high¬ 
er  standards  of  living,  many  other  parts  of  the  world  are 
closing  the  gap.  (See  figure  6-1  and  appendbc  tables  6-1, 
6-2,  and  6-3.)  The  Clinton  Administration  makes  the  con¬ 
nection  between  investments  in  technology  and  a  grow¬ 
ing  economy.  Clinton  and  Gore  (1993)  envision 

“...more  high-skill,  high-wage  jobs  for  American 
workers;  a  cleaner  environment  where  energy  effi¬ 
ciency  increases  profits  and  reduces  pollution;  a 
stronger,  more  competitive  private  sector  able  to 
maintain  U.S.  leadership  in  critical  world  markets; 
an  educational  system  where  every  student  is  chal¬ 
lenged;  and  an  inspired  scientific  and  technological 
research  community  focused  on  ensuring  not  just 
our  national  security  but  our  very  quality  of  life.” 

The  new  administration  sees  the  U.S.  science  and  tech¬ 
nology  enterprise  as  a  resource  that  needs  to  be  more 
committed  to  American  industry  in  order  that  a  new  U.S. 
paradigm  for  economic  growth  might  be  defined  that 
can  enhance  U.s.  industrial  competitiveness  and  sustain 
the  U.s.  standard  of  living.  This  chapter  brings  together 
information  on  s&T  activities  that  are  key  elements  of 
this  new  paradigm:  technology  development  and  the 
competitiveness  of  u.s.  industries  that  rely  on  and  com¬ 
mercialize  new  technologies. 

Chapter  Organization 

U.S.  technology  development  and  competitiveness  span 
activities  and  issues  that  cannot  be  fully  explored  in  the 
present  context.  Instead,  this  chapter  presents  several 
sets  of  indicators  that  provide  measures  of  national  activi¬ 
ty  and  international  standing  in  these  areas. 

The  chapter  begins  with  a  review  of  market  competitive¬ 
ness  of  manufactured  products  that  incorporate  high  levels 
of  R&D,  produced  by  what  are  often  referred  to  as  high- 


'For  further  discussion  of  international  competitiveness,  see 
Competitiveness  Policy  Council  (1993)  and  OTA  (1991). 


Figure  6-1. 
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NOTES:  Index:  United  States  =  100.  Country  GDPs  were  calculated 
using  1985  purchasing  power  parities.  German  data  are  for  the  former 
West  Germany  only. 

See  appendix  tables  6-1 , 6-2,  and  6-3. 
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technology  industries.-  The  importance  of  high-tech  indus¬ 
tries  is  linked  to  their  high  R&i)  spending  and  performance 
which  produce  innovations  that  “spill  over”  into  other  eco¬ 
nomic  sectors  and  because  they  help  to  train  new  scien¬ 
tists,  engineers,  and  other  technical  personnel  (see  Tyson 
1992).  Tlie  market  competitiveness  of  a  nation's  technolog¬ 
ical  advances,  as  embodied  in  new  products  and  processes 
associated  with  these  industries,  can  also  serve  as  an  indi¬ 
cator  of  the  effecdveness  of  that  country’s  s&T  enterprise. 
The  marketplace  provides  a  commercial-based  evaluation 
of  a  country’s  use  of  science  and  technology. 

U.s.  high-tech  industry  competitiveness  is  assessed 
through  an  examination  of  market  share  trends  in  both 
foreign  and  domestic  markets.  New  data  on  royalties, 
fees,  and  technology  agreements  are  used  to  gauge  u.s. 
competitiveness  in  terms  of  intangible  (intellectual) 
property  and  technological  know-how. 

The  chapter  then  explores  several  leading  indicators 
of  technology  development  (1)  via  an  examination  of 
changing  emphases  in  industrial  R&D  among  the  major 
industrialized  countries  and  (2)  through  an  extensive 
analysis  of  patenting  trends.  New  information  on  interna¬ 
tional  patenting  trends  of  U.S.  and  foreign  inventors  in 
several  important  technologies  is  presented. 

The  role  of  small  business  in  high-technology  indus¬ 
tries  is  then  next,  primarily  through  new  information  on 
the  technology  areas  that  seem  to  attract  new  business 
formations,  generate  employment  and  export  activity, 
and  attract  foreign  capital. 

The  chapter  concludes  with  a  presentadon  of  new  lead¬ 
ing  indicators  that  are  designed  to  identify  those  countries 
with  the  potential  to  become  more  important  exporters  of 
high-technology  products  over  the  next  15  years.  Current 
data  availability  limits  this  discussion  to  an  examination  of 
the  high-tech  potential  of  several  Asian  countries. 

The  Global  Markets  for  U.S.  Technology 

In  the  United  States,  two  parallel  developments — the 
growing  import  penetration  of  the  u.s.  domestic  market 
and  the  recent  large  u.s.  trade  deficits — have  drawn 
attention  to  the  country’s  ability  to  compete  in  an 
increasingly  international  economy.  In  particular,  recent 
challenges  to  u.s.  leadership  in  many  high-technology 
product  markets  have  led  policymakers  to  examine  the 
role  of  the  Nation’s  s&T  in  supporting  and  restoring  U.S. 
competitiveness  in  the  global  marketplace. 


-There  is  no  single  preferred  metiiodology  for  identifying  high-tech¬ 
nology  industries.  The  identification  of  those  industries  considered  to 
be  high-tech  has  generally  relied  on  some  calculation  comparing 
intensities.  K&l)  intensity,  in  turn,  has  typically  been  determined  by 
comparing  industry  R&D  expenditures  and/or  numbers  of  technical 
people  employed  (i.e.,  scientists,  engineers,  technicians)  to  industry 
value  added  or  the  total  value  of  its  shipments.  In  this  chapter,  high- 
tech  industries  are  identified  using  K&I)  intensities  calculated  by  the 
Organisation  for  Economic  Co-operation  and  Development. 


There  are  several  reasons  why  high-tech  industries 
are  important  to  the  l  .s.  economy. 

♦  High-tech  finiis  are  associated  with  innovation.  Firms 
that  are  innovative  tend  to  gain  market  share,  create 
new  product  markets,  and/or  use  resources  more  pro¬ 
ductively.  These  characteristics  have  helped  to  make 
high-tech  industries  the  fastest  growing  industries  in 
the  United  States  (I'l  A  1993.  p.  21,  tables  3  and  4). 

♦  High-tech  firms  are  associated  with  high  value- 
added  manufacturing  and  success  in  foreign  mar¬ 
kets  which  helps  to  support  higher  compensation  to 
the  production  workers  they  employ.  ’ 

♦  Industrial  R&D  performed  by  high-tech  industries 
has  other  “spillover"  effects.  These  effects  benefit 
other  commercial  sectors  by  generating  new  prod¬ 
ucts  and  processes  that  can  often  lead  to  productiv¬ 
ity  gains,  business  expansions,  and  the  creation  of 
high-wage  jobs  (Tyson  1992:  ITA  1993;  and  Hadlock, 
Hecker.  and  Gannon  1991). 

This  section  discusses  u.s.  “competitiveness,"  broadly 
defined  here  as  the  ability  of  u.s.  firms  to  sell  products  in  the 
international  marketplace.  The  concept  of  a  nation’s  global 
competitiveness  incorporates  both  its  ability  to  export  ard 
compete  against  imports  in  the  home  markei.  The  analysis 
in  this  section  relies  heavily  on  data  compiled  by  the 
Organisation  for  Economic  Co-operation  and  Development 
(OECD)  and  the  u.s.  Department  of  Commerce  (DOC). 

Throughout  this  section,  industry-level  data  are  present¬ 
ed  for  manufactured  goods  disaggregated  by  (1)  those 
industries  producing  products  that  embody  above  average 
levels  of  R&D  in  their  development  (hereafter  referred  to  as 
the  high-technology  industries  and  consisting  of  the  aircraft, 
office  and  computing  equipment,  communications  equip¬ 
ment.  drugs  and  medicines,  scientific  instruments,  and 
electrical  machinery  industries)  and  (2)  all  other  manufac¬ 
turing  industries.  (See  “OECD  High-Tech  Industries.’’) 

The  Importance  of  High-Tech  Production 

High-technology  goods  are  driving  national  economic 
growth  in  all  of  the  major  industrialized  countries.^  The 
global  market  for  high-tech  manufactured  goods  is  grow¬ 
ing  at  a  faster  rate  than  that  for  other  manufactured 


■For  more  extensive  data  on  average  earnings,  see  liLS  (1991)  and 
Hadlock,  Hecker.  and  (iannon  (1991), 

Tile  ()i:cD  member  countries  account  for  over  7,'i  percent  of  global 
exports  of  manufactured  goods  and  account  for  an  even  higher  per¬ 
centage  of  overall  exports  of  high-technology  goods  (n  .\  1985.  p.  4'.1). 
Tlie  24  countries  reporting  to  oi.cD  are  .Australia,  Austria.  Belgium/ 
Euxembourg,  Canada,  Denmark,  Finland,  France,  Ureece.  Iceland, 
Ireland,  Italy,  Japan,  The  Netherlands,  New  Zealand.  Norway, 
Portugal.  Spain,  Sweden.  Switzerland.  Turkey,  the  United  Kingdom, 
the  United  States,  and  (iermany. 

Although  the  OKL'D  data  set  does  not  include  several  nations  of 
increasing  importance  in  technology  markets — most  notably,  the  East 
Asian  newly  industrialized  economies — it  does  provide  a  reasonable 
approximation  of  global  commercial  activity. 
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OECD  High-Tech  Industries 

OECD  identifies  six  industries  as  being  high-tech 
based  upon  their  high  R&D  intensities  (R&D  spend¬ 
ing  as  a  percentage  of  production)  relative  to  other 
manufacturing  industries.  The  ot;CD  definition  was 
established  in  1986  using  1980  data.  A  review  was 
conducted  in  1992  and  the  rankings  remained 
unchanged.  Following  are  the  six  high-tech  indus¬ 
tries,  their  International  Standard  Industrial 
Classification  codes,  and  their  1980  R&D  intensities. 
Also  included  are  similar  data  for  the  “other  manu¬ 
facturing  industries”  used  throughout  this  chapter. 


Industry 

ISIC 

code 

R&D 

intensity 

High-technology 

Aircraft  (Aerospace) . 

.  3845 

22.7 

Office  &  computing  equipment .  3825 

17.5 

Communications  equipment 

.  3832 

10.4 

Drugs  &  medicines . 

.  3522 

4.8 

Scientific  instruments . 

. 385 

4.8 

Electrical  machinery . 

383  excl.  3832 

4.4 

Other  manufacturing 

Motor  vehicles . 

.  3843 

2.7 

Chemicals . 

.  351  and  352, 

excl.  3522 

2.3 

Average  for  all  other 

manufacturing  industries  .  .  . 

. 1.8 

The  OECD  categorization  used  here  is  more  restric¬ 
tive  than  the  Department  of  Commerce’s  DOC-3 
high-technology  system,  which  includes  space  tech¬ 
nologies  and  ordnance  as  high-tech  industries.  (See 
ITA  1983.)  Note  that  the  other  manufacturing  catego¬ 
ry  does  not  include  agriculture  or  services. 


goods.  In  constant  dollar  terms  (1980),’  production  of 
high-tech  manufactures  by  the  major  industrialized 
nations  more  than  doubled  from  1981  to  1992,  while  pro¬ 
duction  of  other  manufactured  goods  grew  by  just  29 
percent.  (See  figure  6-2  and  appendix  table  6-4.)  Output 
by  the  high-tech  industries  represented  under  14  per¬ 
cent  of  global  production  of  all  manufactured  goods  in 
1981;  by  1992,  it  represented  22  percent. 


Tli('  conversion  in'o  constant  1980  dollars  is  done  in  two  steps: 

1.  Product-specific  price  changes  are  removed  by  deflating  the  cur¬ 
rent  dollar  series  for  each  product  category  (for  all  countries) 
using  the  price  index  (1980  =  1.0)  for  the  corresponding  indus¬ 
try  in  I)Kl/Mc(>raw-Hill's  d.'iO-sector  inter-industry  model  of  the 
t  .s.  economy, 

2.  All  production  series  for  a  given  country  are  multiplied  by  the 
ratio  of  the  t  .s.  gross  national  product  deflator  to  the  gross 
domestic  product  deflator  of  that  country  to  adjust  for  differences 
in  the  general  rate  of  inflation. 


Figure  6-2. 
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In  the  increasingly  competitive  environment  of  the 
1980s.  the  United  States,  Japan,  and  Europe  moved  rt*- 
sources  toward  the  manufacture  of  higher  value,  tech¬ 
nology-intensive  goods.  In  1989,  t  .s.  high-tech  manufac¬ 
tures  represented  23  percent  of  total  l  .s.  production  of 
manufactured  output,  up  from  1.5  perceni  in  1981.  High- 
tech  manufactures  accounted  for  16  perceni  of  the  Euro¬ 
pean  Community's  total  jiroduction  in  1989,  compared 
with  12  percent  in  1981.  But  the  Japanese  economy  led 
all  other  major  industrialized  countries  in  its  economic 
reliance  on  the  high-tech  industries;  this  emphasis  on 
high-tech  manufacturing  began  to  increase  rapidly  dur¬ 
ing  the  middle  part  of  the  decade.  In  1981,  high-tech 
manufactures  represented  nearly  17  percent  of  total 
Japanese  production,  rose  to  22  percent  in  1984,  and 
then  to  29  percent  in  1989.  (See  figure  6-3.) 

Data  for  the  1990s  indicate  a  continued  focus  on  high- 
tech  manufactures  among  the  industrialized  countries. 
High-tech  manufactures  are  estimated  to  represent  27 
percent  of  U.s.  manufacturing  output  in  1992,  31  percent 
of  Japan’s  and  nearly  17  percent  for  the  European 
Community  countries.'’ 

Share  of  World  Markets' 

Throughout  the  1980s  and  early  1990s,  the  United 
States  was  the  world’s  leading  producer  of  high-tech 


"Data  for  1991  and  1992  are  estimates  by  OKI/Mcdraw-Hill. 

'World  market  shares  are  caleiilated  using  data  on  oix  n  production 
contained  in  appendix  table  fi-4. 
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Figure  6-3. 

High-tech  Industries’  share  of  total  manufacturing 
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products,  responsible  for  over  one-third  of  total  OECD 
member  country  production  during  this  period.  U.S. 
global  market  share  did  decline  slightly  from  1981  to 
1986,  but  the  trend  was  reversed  beginning  in  1987.  The 
U.S.  share  of  the  world  market  for  high-tech  manufac¬ 
tures  grew  irregularly  after  1986,  but  by  1992,  u.s.  high- 
tech  industries  were  able  to  recapture  the  market  share 
lost  during  the  early  eighties. 

While  U.s.  high-tech  industry  struggled  to  maintain 
market  share  during  the  1981-92  period,  Japanese  high- 
tech  industries  followed  a  path  of  steady  gains  in  global 
market  share.  In  1992,  Japan  accounted  for  nearly  28 
percent  of  OECD  member  country  production  of  high- 
tech  products,  moving  up  6  percentage  points  since 
1981.  (See  figure  6-4.) 

Japanese  gains  in  global  high-tech  markets  appear  to 
have  been  made  at  the  expense  of  European  Community 
high-tech  producers:  Germany,  France,  and  Italy  all 
steadily  lost  market  share  between  1981  and  1992. 
British  high-tech  producers  actually  gained  market 
share  for  most  of  the  eighties  before  joining  the  general 
European  high-tech  decline  in  1989.  This  decline  contin¬ 
ued  into  the  early  nineties,  ultimately  leaving  British  pro¬ 
ducers  with  a  smaller  share  of  OECD  high-tech  produc¬ 
tion  in  1992  than  it  held  in  1981. 


Global  Competitiveness  of  Individual 
Industries 

The  market  competitiveness  of  individual  I  .s.  high- 
tech  industries  varies.  Of  the  six  industries  that  form 
the  high-tech  group,  three  u.s.  industries — those  pro¬ 
ducing  scientific  instruments,  drugs  and  medicines,  and 
aircraft — gained  global  market  share  during  the  1980s 
and  maintained  that  market  share  into  the  early 
nineties.  The  U.s.  computer  and  office  equipment  indus¬ 
try  experienced  the  sharpest  drop  in  global  market 


Figure  6-4. 

Region/country  share  of  global  high-tech  market 


Perceot 


PBrcent 


United  States  Japan  European  Community 


NOTE:  German  data  are  for  the  former  West  Germany  only. 
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share  of  the  six  high-tech  industries  during  the  198()s, 
but  also  rebouudctl  with  the  greatest  gain  in  market 
share  in  the  early  nineties.  (See  figurt'  (>5.) 

As  of  1992.  the  United  States  was  still  the  world’s  lead¬ 
ing  producer  in  the  following  high-tech  industries: 

♦  aircraft  (accounting  for  60  percent  of  OKCD  produc¬ 
tion). 

♦  scientific  instruments  (48  percent). 

♦  computers  and  office  equipment  (43  percent),  and 

♦  pharmaceuticals  (30  percent). 

Where  it  once  dominated  high-tech  markets  both  at 
home  and  abroad.  I'.s.  leadership  is  now  challenged  on  a 
variety  of  fronts.  In  the  following  sections.  l'..s.  competi¬ 
tiveness  is  examined  first  in  foreign  markets  and  then  in 
the  I'.s.  home  market. 


Figure  6-5. 

U.S.  global  market  share,  by  high-tech  industry 


Percent 
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Exports  Share  of  Total  Manufacturing 
Production 

Historically,  the  United  States  has  not  been  an  econo¬ 
my  oriented  toward  serving  foreign  markets.  In  fact,  in 
the  United  States,  exports  account  for  a  smaller  propor¬ 
tion  of  manufacturers’  shipments  than  in  any  other 
industrialized  economy.  (See  figure  6-6.)  From  1981  to 
1985.  U.S.  producers  exported  about  8  to  9  percent  of 


Figure  6-6. 

Ratio  of  exports  to  production  for  all  manufacturers 

Percent 


NOTE:  German  data  are  tor  West  Germany  only. 
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total  domestic  production;  this  proportion  rose  to  nearly 
13  percent  in  1992.  By  comparison,  during  this  same 
period.  Japanese  producers  exported  15  percent  of  that 
country’s  domeslic  production  in  1981.  18  percent  by 
1986.  and  22  percent  by  1992.  European  Community 
manufacturers  exported  even  higher  percentages  of 
domestic  output.  In  1981.  European  producers  exported 
31  percent  of  total  production,  over  38  percent  in  1986. 
and  nearly  48  percent  bv  1992.'' 

While  U.S.  producers  have  reaped  many  benefits  from 
having  the  largest  home  market  in  the  world,  mounting 
trade  deficits  of  the  1980s  also  generated  concern  about 
the  need  to  expand  U.S.  exports.  U.s.  high-tech  industries 
have  traditionally  been  more  successful  than  other  u.s. 
industries  in  foreign  markets.  Consequently,  high-tech 
industries  have  attracted  considerable  attention  from  poli¬ 
cymakers  as  they  seek  ways  to  return  the  United  States  to 
a  more  balanced  trade  position. 

Foreign  Markets.  Despite  their  domestic  focus,  u.s. 
producers  are  important  suppliers  of  high-tech  products 
in  overseas  markets.  Still,  the  1980s  proved  to  be  chal- 


■qiiese  fifnires  include  trade  between  individual  Kuropean  nations.  If 
data  were  available  that  excluded  this  intra-Furopean  trade,  exports  by 
Kuropf'an  producers  would  represent  a  significantly  smaller  share  of 
total  output. 
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Figure  6-7. 

High-tech  exports 


Billions  of  constant  1980  dollars 


See  appendix  table  6-4.  Science  S  Engineering  Indicators  -  1993 


trade  figures  significantly  in  this  calculation  of  the 
Kuropean  share  of  OKCD  exports. 

During  the  early  eighties,  nonhigh-tech  I  .s.  indus¬ 
tries.  as  a  group,  experienced  similar  difficulties  in  for¬ 
eign  markets,  lli.r-oughout  the  1981-91?  period,  l  .s.  high- 
tech  industries  held  about  twice  the  foreign  market 
share  of  other  l  .s.  manufacturing  industries. 

Industry  Comparisons.  During  the  1980s  and  into 
the  next  decade.  Japan  successfully  gained  foreign  mar¬ 
ket  share  in  five  of  the  six  individual  high-tech  indus¬ 
tries.  By  1992.  the  United  States  led  in  only  one  indus¬ 
try — aircraft — with  a  4()-percent  share  of  total  OKCD 
exports,  (iermany  also  led  in  only  one  industry'  in  1992, 
holding  a  17-percenl  share  of  OKC'D  exports  of  pharma¬ 
ceuticals.  The  1992  data  show  Japanese  industry  leading 
the  industrialized  vorld  in  exports  in  the  other  four  high- 
tech  industries.  (See  figure  f>8.) 


Figure  6-8. 

Export  market  share:  1992 


lenging,  as  the  O.s.  share  of  foreign  markets  dropped 
steadily  from  23  percent  in  1981  to  18  percent  in  1986.” 
ITie  strength  of  the  U.s.  dollar  during  the  early  eighties 
hampered  U.s.  competitiveness  globally.  But  as  a  conse¬ 
quence,  U.s.  producers  were  driven  to  be  more  innova¬ 
tive.  to  improve  product  performance,  and  to  increase 
manufacturing  efficiency.  Better  products,  coupled  with 
a  weakening  dollar,  led  to  a  rise  in  foreign  market  share 
after  1986,  and  U.S.  high-tech  industries’  share  of  ()Utl> 
exports  rebounded  to  20  percent  by  1988.  However,  an 
intensifying  global  economic  slowdown  and  an  appreciat¬ 
ing  u.s.  dollar  once  again  sidetracked  U.s,  export  grovrth, 
and  the  u.s.  foreign  market  share  slipped  to  just  below 
18  percent  in  1992. 

The  United  States  is  no  longer  the  world’s  leading 
exporter  of  manufactures  produced  by  high-tech  indus¬ 
tries.  Beginning  in  1983,  Japan  surpassed  the  United 
States  and  Germany  in  overall  high-tech  exports  and 
continued  to  lead  by  varying  margins  through  1992. 
(See  figure  6-7.)  In  1992,  Japan  accounted  for  23  per¬ 
cent  of  OECD  member  country  high-tech  product 
exports,  compared  with  18  percent  for  the  United 
States  and  12  percent  for  Germany.  European 
Community  manufacturers  have  been  responsible  for 
47  to  .50  percent  of  OECD  high-tech  exports  throughout 
the  1980s  and  early  1990s,  although  intra-European 


''Foreign  market  shares  are  calculated  using  data  on  OKCI;  country 
exports  contained  in  appendix  table  64. 
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U.S.  Trade  Balance 

During  the  1980s  and  into  the  early  1990s,  the  United 
States  ran  consistent  trade  deficits,  importing  more  man¬ 
ufactured  products  than  it  was  able  to  export.  A  strong 
U.s.  dollar  during  the  early  eighties  led  to  a  rise  in  import¬ 
ed  merchandise  while  exports  remained  stagnant.  As  the 
dollar  weakened  during  the  late  1980s,  u.s.  exports 
surged,  growing  at  an  average  rate  of  nearly  14  percent 
per  year  during  the  1985  89  period.  U.s.  demand  for 
imports  slowed  somewhat  during  this  period,  allowing 
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for  a  narrowing  of  the  l  .s.  trade  deficit.  ITie  l  .s.  mer¬ 
chandise  trade  deficit  continued  to  narrow  as  the  19fK)s 
began,  dropping  to  a  7-year  low  in  1991.  Only  one  addi¬ 
tional  year  of  data  was  available,  but  it  indicates  a  wors¬ 
ening  of  the  deficit.  (See  figure  6-9.) 

l'..s.  high-tech  exports  have  traditionally  overshad¬ 
owed  r.s.  imports  of  high-tech  products.  Nevertheless, 
trade  surpluses  began  to  narrow  during  the  1980s  and 
finally,  in  1984,  I’.s.  imports  of  foreign  high-tech  prod¬ 
ucts  exceeded  I  .s.  high-tech  exports.'"  The  I'.s.  trade 
position  in  high-tech  products  improved  in  1987  and 
1988,  but  deteriorated  quickly  as  the  nineties  began. 

I'.s.  trade  in  nonhigh-tech  products  produced  consis¬ 
tent  trade  deficits  throughout  the  12-year  period  exam¬ 
ined  (1981-92).  As  seen  for  I'.s.  trade  in  high-tech  prod¬ 
ucts,  I'.s.  trade  in  all  other  products  worsened  (larger 
trade  deficits)  through  the  early  and  mid-1980s;  it  then 
improved  (narrower  deficits)  in  the  latter  part  of  the 
decade.  Unlike  trade  in  high-tech  products,  I'.s.  trade  in 
other  manufactures  continued  to  produce  narrower 
deficits  in  1990  and  1991.  By  1992,  I'.s.  trade  in  nonhigh- 
tech  products  also  began  to  produce  a  larger  trade  deficit. 

Individual  Industry  Comparisons,  fhe  trend  shown 
for  the  composite  i'.s.  high-tech  group  masks  strong  per¬ 
formances  by  several  I'.S.  high-tech  industries.  In  three 
of  the  sbc  high-tech  areas,  u.s,  industry  exports  exceed¬ 
ed  imports  of  like  products  throughout  the  12-year  peri¬ 
od  examined.  (See  figure  6-10.)  The  U.S.  aircraft  industry 
led  all  other  U.s.  high-tech  industries’  trade  performance, 
generating  consistent  and  widening  trade  surpluses.  The 
u.s.  scientific  instruments  industry  registered  a  trade 
surplus  in  1992  that  exceeded  any  previously  recorded 
surplus  for  this  industry  since  1981.  The  U.s.  pharmaceu¬ 
tical  industry  has  also  found  receptive  markets  overseas 
and  contributed  positively  to  the  overall  U.s.  trade  posi¬ 
tion  consistently  during  1981-92. 

The  remaining  three  high-tech  areas  had  very  differ¬ 
ent  trade  experiences.  The  United  States  ran  a  trade 
deficit  in  communications  equipment  and  electrical 
machinery;  this  imbalance  grew  annually  during  the 
1980s  and  continued  to  worsen  through  1992.  But  trade 
in  computer  and  office  equipment  showed  the  greatest 
deficit  of  all  the  high-tech  areas.  From  1981  to  1986,  the 
United  States  exported  more  computer  and  office  equip¬ 
ment  than  it  imported.  In  1986,  that  surplus  declined 
sharply,  priming  an  eventual  turn  to  escalating  deficits  in 
the  United  States’  computer  and  office  equipment  trade. 
Throughout  the  12-year  period  examined,  the  growth  in 


'  Tradf  data  (exports  and  imports)  are  available  on  a  produet-level 
basis:  production  data  are  not.  To  conform  with  the  production  and  trade 
data  used  elsewhere  in  this  chapter,  the  discussions  of  trade  balances 
are  based  on  industry-level  data.  The  industry-level  OKCD  definition  of 
high-lechnolo(?y  trade  used  here  shows  more  midtenn  fluctuations  and 
an  earlier  trade  deficit  for  f.s.  high-tech  trade  than  trends  portrayed 
using  ain  product-level  definitions.  See  IKic  (lf)8;t)  and  Abbott 
(Iflfll)  .  lechnical  discussions  of  alternative  high-tech  definitions. 
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Figure  6-9. 

Trade  balance  in  manufacturea 
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U.S.  exports  of  computer  and  office  equipment  did  not 
keep  pace  with  U.s.  imports.  By  1992,  this  trend  pro¬ 
duced  a  $44  billion  trade  deficit — nearly  three  times  the 
size  of  the  u.s.  trade  surplus  in  aircraft  equipment. 

Trade  Experience  for  Major  Competitors.  Japan 
alone  among  the  United  States’  major  competitors  saw 
its  trade  in  high-tech  manufactures  produce  larger  and 
larger  surpluses  during  the  1980s  and  into  the  early 
1990s.  Its  trade  in  other  manufactures  produced  stable 
surpluses  from  1981  to  1987,  but  then  turned  to  a  deficit 
position  as  imports  of  other  products  surged,  over¬ 
whelming  Japan’s  small  but  continuing  export  growth  in 
these  industries.  (See  figure  6-9.)  These  diverging 
trends  once  again  illustrate  Japan’s  nearly  complete 
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Figure  6-10. 

Trade  balances  for  high-tech  Industries 
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conversion  to  an  economy  that  has  tied  its  future  eco¬ 
nomic  growth  to  the  technology-intensive  industries. 

Concurrent  with  the  erosion  of  the  U.s.  trade  position 
in  computer  and  office  equipment  has  been  the  emer¬ 
gence  of  Japan  as  a  global  supplier  of  computer  hard¬ 
ware-related  products.  In  fact,  the  escalating  trade  sur¬ 
plus  generated  by  Japan's  high-tech  industries  as  a 
group  was  largely  driven  by  its  computer  and  office 
equipment  industry.  Of  the  six  industries  included  in  the 
high-tech  category,  in  1992,  Japan  had  a  trade  surplus  in 
four  (in  order  of  contribution  to  its  surplus  in  high-tech 
products):  computer  and  office  equipment,  communica¬ 
tions  equipment,  electrical  machinery,  and  scientific 
instniments.  (See  figure  (>10.) 

The  Home  Market 

A  coir  's  home  market  is  often  thought  of  as  the 
natural  destination  for  its  manufactured  output.  For 


obvious  reasons — including  proximity  to  the  customer 
and  common  language,  customs,  and  currency — market¬ 
ing  at  home  is  easier  than  marketing  abroad. 

But  in  today’s  global  marketplace,  product  origin  may 
only  be  one  factor  among  many  influencing  the  con¬ 
sumer's  choice  between  competing  products — price, 
quality,  and  product  performance  will  often  be  more 
important  factors  guiding  product  selection.  Thus,  in  the 
absence  of  prohibitive  trade  barriers,  the  intensity  of 
competition  faced  by  domestic  producers  in  their  home 
market  can  approach,  if  not  equal,  the  level  of  competi¬ 
tion  faced  in  foreign  markets.  Given  the  large  size  and 
appetite  of  the  t'.s.  market,  examination  of  l  .s.  competi¬ 
tiveness  at  home  is  critical  to  an  understanding  of  the 
country’s  global  competitiveness. 

Import  Penetration:  High-Tech  Markets,  fhe  United 
States  represents  the  world’s  largest  national  market  for 
high-tech  products.  During  the  1980s,  high-tech  demand 
in  the  United  States — as  well  as  in  the  other  major  indus¬ 
trialized  countries — was  increasingly  being  met  by  for¬ 
eign  suppliers.  (See  figure  6-11  and  appendix  table  6-5.) 
Imports  supplied  about  11  percent  of  the  t  '.s.  demand  for 
high-tech  products  in  1981;  by  1989,  this  percentage  rose 
to  26  percent  and  then  to  28  percent  by  1992.  WTiile  t'.s. 
producers  still  supply  nearly  75  percent  share  of  the  large 
f.s.  home  market,  these  producers  often  count  on  supply¬ 
ing  the  home  i..arket  in  order  to  achieve  the  economies  of 
scale  that  aid  l  .s.  competitiveness  in  foreign  markets. 


Figure  6-11. 

Import  penetration  of  high-tech  markets 

Percentage  of  home  market  supplied  by  imports 
80  r . 


United  States  Germany  Japan 


NOTE:  Gennan  dair.  are  for  the  former  West  Germany  only. 
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Figure  6-12. 

Import  penetration  of  six  high-tech  markets 
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See  appendix  table  6-5. 
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lilt'  JapaiH'se  home  market,  historically  the  most  self- 
reliant  of  the  major  industrialized  countries,  also 
increased  its  purchases  of  foreign  technologies  during 
the  i98()s:  this  trend  continued  into  the  early  199()s.  In 
1981.  imports  of  high-tech  manufactures  supplied  (>  per¬ 
cent  of  Japanese  domestic  consumption,  rising  steadily 
to  l.'i  percent  by  1989,  and  to  nearly  19  percent  by  1992. 

Pro;  ^s  toward  the  creation  of  a  more  economically 
unified  market  in  Europe  has  fostered  even  greater 


trade  among  the  economies  of  the  European  Com¬ 
munity,  the  European  Free  Trade  Association."  and 
more  rectuitly,  with  Eastern  Europe  countries.'-  Many 
of  the  reforms  introduced  to  removi-  barriers  hamper¬ 
ing  trade  within  Europe  have  also  had  the  effect  of 
making  Europe  an  even  more  attractive  market  to  the 
rest  of  the  world."  Rapidly  rising  import  penetration 
ratios  in  the  major  European  economies  during  the 
later  part  of  the  198()s  and  early  199()s  reflect  these 
changing  circumstances  and  highlight  greater  trade 
activity  in  European  high-tech  markets  when  compared 
with  product  markets  for  less  technology-intensive 
manufactures. 

High  import  [lenetration  ratios  apparent  during  the 
late  eighties  and  early  nineties  also  refU'Ct  an 
increast'd  trend  in  Europe  toward  cross-border  produc¬ 
tion  of  capital  and  technology-intensive  goods.  The 
number  of  mergers  and  acquisitions  involving 
Europe's  largest  firms  rose  sharply  during  the  mid-  to 
late  198()s  and  were  heavily  concentrated  in  Europe's 
manufacturing  industries  (nc  1992.  pp.  1-2  to  1-18). 
Among  Europe's  more  technology-intensive  industries, 
a  large  number  of  mergers  and  acquisitions  have  taken 
place  in  the  chemical,  machine  tool,  and  electronics 
industries." 

Import  Penetration:  Closer  Look  at  Japanese  and 
U.S.  Home  Markets,  by  Industry.  Both  the  i  .s.  and 

Japanese  domestic  markets  have  become  increasingly 
internationalized  in  all  high-tech  industries.  (See  figure 
(>12.)  For  example,  during  the  198()s.  of  the  six  high-tech 
industries  examined,  the  t  .s.  computer  and  office  equii> 
ment  industry  experienced  the  greatest  rate  of  increase  in 
import  competition  from  other  industrialized  countries, 
but  especially  from  Japan.'  ’  U.S.  industry  continues  to 
dominate  its  home  market  for  aircraft  and  phannaceutical 
products. 

During  the  1980s.  foreign  suppliers  gained  a  larger 
presence  in  several  of  Japan's  high-tech  markets. 
Foreign  suppliers  of  aircraft  and  related  products  have 
traditionally  been  very  successful  in  selling  in  Japan;  that 
success  was  replicated  in  several  other  high-tech  mar¬ 
kets,  especially  after  Blb-b.  Imports  increasingly  supplied 
an  expanded  demand  for  computers  and  office  equip¬ 
ment  and  scientific  instniments  in  Japan,  t  .s.  manufac¬ 
turers  of  these  high-tech  products  were  particularly  suc¬ 
cessful:  ti.s.  manufacturers  of  computer  and  office 
equipment  and  of  scientific  instruments  have  not  simply 
increased  their  market  share  in  Japan,  but  have  also 


"Thf  Kuropi’an  T'raclc  Associaliiin  is  composed  of  Austria. 
Miiland.  Icfland.  Norway.  Sweden.  Switzerland,  and  Liechtenstein. 

'  't  rends  in  luiroix'an  trade  are  presented  in  t  lx  (tftfIZ). 

'  Kfforts  have  been  made  to  increase  “harmonization"  of  national 
laws  on  intellectual  property,  customs  controls,  and  rules  RoverniiiK 
product  standards,  testinR,  and  testinR  procedures. 

'  'Lor  a  xliscussion  of  international  R.xl)  alliances,  see  chapter  I. 

'  Information  on  the  source  of  imixirts  is  derived  from  product-level 
trade  data. 
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continued  to  dwarf  the  market  share  gains  made  by  sup¬ 
pliers  from  all  other  major  industrialized  countries.'*^ 

Royalties  and  Fees  Generated  From 
Intellectual  Property 

The  United  States  has  traditionally  maintained  a  large 
surplus  in  international  trade  of  intellectual  property. 
Trade  in  intellectual  property  includes  the  licensing  and 
franchising  of  proprietary  technologies,  trademarks,  and 
entertainment  products.  These  transactions  generate  net 
revenues  for  U.S.  firms  in  the  form  of  royalties  and  licens¬ 
ing  fees. 

U.S.  Royalties  and  Fees  From  All  Transactions. 

U.S.  receipts  from  all  trade  in  intellectual  properties 


'This  information  on  Japan's  .source  of  imported  computers  and 
office  equipment,  scientific  instruments,  and  other  high-tech  products 
is  extracted  from  OKCI)  Trade  Series  C  data  processed  by  OKI/ 
McGraw-Hill  under  contract  to  the  National  Science  Foundation. 


Figure  6-13. 

Royalties  and  fees:  U.S.  trade  balance 

Billions  of  U.S.  dollars 


1987  1988  1989  1990  1991 
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approached  $18  billion  in  1991,  nearly  double  U.S.  firm 
receipts  recorded  just  5  years  earlier.  (See  appendix 
table  6-6.)  During  the  period  1987-91,  U.S.  firms’ 
receipts  were  generally  four  to  five  times  as  large  as 
U.S.  payments  to  foreign  firms  for  intellectual  property. 
Most  (about  75  percent)  of  these  latter  transactions 
involved  exchanges  of  intellectual  property  between 
I'.S.  firms  and  their  foreign  affiliates.  (See  figure  6-13.) 
Exchanges  of  intellectual  property  between  affiliates 
allow  for  a  much  higher  level  of  control  to  the  leasing 
firm.  The  frequency  of  such  exchanges  between  related 
parties  is  growing  faster  than  those  between  unaffiliat¬ 
ed  firms,  suggesting  greater  internationalization  of  u.s. 
business. 

U.S.  Royalties  and  Fees  From  Trade  in  Tech¬ 
nical  Knowledge.  Data  on  royalties  and  fees  can  be 
disaggregated  to  illuminate  trends  in  technical  knowl¬ 
edge.  Receipts  and  payments  for  patents  and  technical 
knowledge  are  an  indicator  of  firms'  technological 
prowess.  Transactions  among  unaffiliated  firms — where 
prices  are  set  through  a  market-related  bargaining  pro¬ 
cess — tend  to  reflect  the  exchange  of  technology  and  its 
market  value  at  a  given  point  in  time.  Unaffiliated  transac¬ 
tions  are  generally  subject  to  less  owner  control  than 
transactions  between  affiliates.  Therefore,  examining  the 
record  of  the  resulting  receipts  and  payments  provides  an 
indicator  of  the  production  and  diffusion  of  technical 
knowledge. 

The  United  States  is  a  net  exporter  of  technology  sold 
as  intellectual  property.  Royalties  and  fees  received 
from  foreign  firms  have  been,  on  average,  three  times 
that  paid  out  to  foreigners  by  u.s.  firms  for  access  to 
their  technology,  u.s.  receipts  from  such  technology 
sales  totaled  $2.6  billion  in  1991,  up  from  $1.7  billion  in 
1987.  (See  figure  6-14  and  appendix  table  6-7.) 

Japan  is  the  largest  consumer  of  u.s.  technology  sold 
in  this  manner.  In  1991,  Japan  accounted  for  47  percent 
of  all  such  U.s.  receipts,  while  the  Western  European 
countries  (i.e.,  the  European  Community)  together  rep¬ 
resented  18  percent.  South  Korea  increased  its  purchas¬ 
es  of  u.s.  technological  know-how  sharply  during  the  5 
years  for  which  data  are  available  It  became  the  second 
largest  consumer  of  u.s.  industrial  processes  with  a  9- 
percent  share  in  1991,  up  from  just  a  2-percent  share  in 
1987. 

To  a  large  extent,  the  u.s.  surplus  in  the  exchange  of 
intellectual  property  is  driven  by  trade  with  Japan  and  the 
newly  industrialized  Asian  economies.  In  1991,  u.s. 
receipts  (exports)  from  technology  licensing  transactions 
were  1 1  times  u.s.  firm  payments  (imports)  to  Japan.  On 
the  other  hand,  the  u.s.  trade  surplus  with  Europe  in 
sales  of  technological  know-how  declined  over  the  past  5 
years  (1987  to  1991).  Germany  represented  the  largest 
European  trading  partner  in  these  transactions;  more¬ 
over,  it  was  the  only  country  in  the  world  with  which  the 
United  States  had  ?  persistent  technical  kiiowK  dge  U  ade 
deficit. 
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International  Trends  in  Industrial  R&D' 

The  industrial  sector  is  the  main  source  of  the  new 
technologies  and  products  that  aid  national  economic 
competitiveness.  In  high-wage  countries  like  the  United 
States,  industries  stay  competitive  in  a  global  market¬ 
place  through  innovation.  Innovation  can  lead  to  better 
production  processes  and  better  performing  products 
(i.e.,  more  durable,  more  economical,  etc.):  it  can  there¬ 
by  provide  the  competitive  advantage  high-wage  coun¬ 
tries  require  when  competing  with  low-wage  countries. 

Research  and  development  activities  provide  an  incubator 
for  new  ideas  that  lead  to  new  processes,  products — and 
even  new  industries.  While  not  the  only  source  of  new  inno¬ 
vations,  R&n  activities  conducted  in  industry-run  laborato¬ 
ries  and  facilities  are  associated  with  many  of  the  important 
new  ideas  that  have  helped  shape  modem  technology. '■'*  l'.s. 
industries  that  traditionally  conduct  large  amounts  of  R&O 
have  met  with  greater  success  in  foreign  markets  than  less 
R&I)-intensive  industries  and  have  been  more  supportive  of 
higher  wages  for  their  employees.'" 

This  section  examines  Ri'il)  trends  using  a  database 
developed  at  OKcn.  It  describes  trends  in  all  industrial 
R&I)  performed  from  1973  through  1990,  regardless  of 
the  source  of  its  funding.-"  The  discussion  begins  with  a 
comparison  of  overall  trends  in  industrial  R&I)  activity. 
This  analysis  is  followed  by  a  discussion  of  trends  in  the 
top  R&D-performing  manufacturing  industries  in  the 
United  States  and  in  those  of  our  two  major  competitors 
in  the  global  marketplace,  Japan  and  Germany. 

Overall  Trends 

The  United  States  has  long  led  the  industrialized 
world  in  the  performance  of  industrial  R&D.  Over  the 
past  two  decades,  however,  t!.S.  dominance  has  been 
challenged.  The  l'.s.  share  of  total  industrial  R&l)  per¬ 
formed  by  the  OIXD  countries  fell  between  1973  and 
1990.  (See  figure  (>15.)  Despite  this  decline,  the  United 


'  Data  from  oi:ci)'s  Structural  Analysis  Database  for  Industrial 
Analysis.  Analytical  Business  Knterprise  K,cl)  file  (si.\n/anbi;ki))  are 
used  to  examine  trends  in  total  industrial  K.'it).  Tills  database  tracks  all 
K.'.l*  expenditures  (both  defense-  and  nondefense-related)  carried  out 
in  the  industrial  sector  regardless  of  funding  source.  For  an  examina¬ 
tion  of  1  ,s.  industrial  R.^1)  by  funding  source,  see  chapter  4. 

'AVTiile  an  important  indicator  of  innovative  activity,  there  is  ample 
evidence  that  suggests  that  many  new  ideas  and  technological 
improvements  are  being  developed  outside  of  the  K.vl)  "lab."  In  order 
to  develop  better  indicators  of  innovation  activities,  the  National 
Science  Foundation  is  preparing  to  conduct  a  national  survey  of  inno¬ 
vation  activities  in  l  .s.  industry.  Tltis  new  survey  initiative  has  evolved 
after  many  years  of  empirical  study  both  in  the  United  States  and  in 
Kurope.  The  new  l  .s.  survey  has  been  constructed  in  collaboration 
with  other  OIXD  members  and  the  results  will  provide  a  better  under¬ 
standing  of  the  innovation  process  in  the  United  States  and  in  other 
major  industrializefi  countries. 

'  'See  '■'I'he  (ilobal  Markets  for  I'.S.  Technology"  for  a  presentation 
of  recent  I'  "ds  in  I  .s.  competitiveness  in  foreign  and  domestic  prod¬ 
uct  markets. 

Thes  'ata  are  not  categorized  by  tyj  4  h.mi  pi  rformed  li.e., 
basic.  a|-.  .1.  oi  developmeniy  Both  defense-  and  nondefense-related 

K.vl)  conducted  in  the  industrial  sector  are  included  in  the-se  data. 
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Figure  6-14. 

U.S.  royalties  and  fees  generated  from  the  exchange 
of  industrial  processes  between  unaffiliated 
companies:  1991 


Millions  of  dollars 

NOTE;  U.S.  payments  to  South  and  Central  America  and  to  South  Korea 

were  less  than  $500,000. 

See  appendix  table  6-7.  Science  S  Engineering  Indicators  -  1993 

States  remains  the  leading  performer  of  industrial  R&D 
by  a  wide  margin,  even  surpassing  the  combined  R&D  of 
the  12-nation  European  Community. 

Japan  underscored  its  belief  in  the  economic  benefits 
of  investments  in  R&D  by  following  a  high  R&D  growth 
path  that  led  to  a  near  doubling  of  its  share  of  total  oecd 
R&D  during  the  period  examined.  Germany,  the  third 
leading  performer  of  industrial  R&D,  also  closed  the  gap 
between  itself  and  the  United  States,  but  only  slightly 
when  compared  to  Japan.  Italy  and  Canada  were  the  only 
other  two  countries  that  showed  somewhat  higher  than 
average  growth  in  industrial  R&D  between  1973  and 
1990;  the  United  Kingdom  and  France  join  the  United 
States  in  below  average  growth.-' 

R&D  Performance  by  Manufacturing  Industries 

The  United  States,  Japan,  and  Germany  represent  the 
three  largest  economies  of  the  industrialized  world  and 
compete  head  to  head  in  many  manufacturing  industries. 
An  analysis  of  R&D  data  provides  some  explanation  for 


-'International  comparisons  of  total  industrial  K&D  are  calculated  in 
terms  of  purchasing  power  parity  (PIT)  dollars  and  growlh  rates  are  based 
on  IDS.'j  constant  prices.  For  more  information  on  PPPs,  see  chapter  4. 
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past  national  success  in  certain  of  these  industries  and 
can  also  signal  shifts  in  national  technology  priorities.-- 
R&D  performance  (spending)  by  eight  manufacturing 
industries  is  examined — aircraft,  computer  and  office 
equipment,  communications  equipment,  pharmaceuti¬ 
cals,  instruments,  scientific  instruments,  motor  vehicles, 
chemicals,  and  electrical  machinery.  These  eight  indus¬ 
tries  include  all  the  top  performers  of  industrial  R&D  in 
the  United  States,  Japan,  and  Germany.  They  also  hap¬ 
pen  to  have  the  highest  "R&D  intensity”  among  manufac¬ 
turing  industries  in  the  otXD  countries  as  a  group.-* 


-industry-level  data  are  occasionally  estimated  in  order  to  provide  a 
complete  time  series  for  the  1973-90  period. 

-'Only  six  industries  were  included  in  the  high-tech  group  discussed 
earlier  with  regard  to  market  competitiveness.  For  the  group  of  OKCI) 
countries,  these  six  had  substantially  higher  R&I)  intensities  (R&t)  as  a 
share  of  total  output)  than  did  the  motor  vehicle  industry  and  the 
chemicals  industry  and  therefore  were  not  included  in  oiXD’s  group  of 
high-tech  industries.  (See  “OECD  High-Tech  Industries"  for  individual 
industry  RiVt)  intensities.) 


The  United  States.  R&n  performance  in  c.s.  manufac¬ 
turing  industries  followed  a  pattern  of  rapid  growth  dur¬ 
ing  the  1970s,  rising  an  average  of  1 1  percent  per  year 
between  1973  and  1980  (2.7  percent  per  year  in  1985 
constant  prices).  This  growth  pattern  accelerated  during 
the  early  eighties,  before  slowing  down  considerably 
during  the  latter  part  of  the  decade.  The  eight  industries 
account  for  over  80  percent  of  total  industrial  R&D  per¬ 
formed  in  the  United  States;  they  therefore  drive  R&D 
trends  in  the  Li.s.  industrial  sector. 

The  u.s.  aircraft  and  communications  equipment  indus¬ 
tries  have  consistently  been  the  largest  performers  of 
R&D.  (See  figure  6-16  and  appendix  table  6-8.)  Comparing 
R&D  performance  in  1973  and  1990,  shows  some  shifting 
in  R&D  emphasis  among  the  top  five  industry  performers. 
Although  the  aircraft  and  communications  equipment 
industries  retain  their  top  positions  as  the  leading  R&D 
performers  in  the  United  States,  R&D  growth  in  the  motor 
vehicle  and  electrical  machinery  industries  did  not  keep 
pace  with  that  in  the  computer  and  office  equipment 
industry  during  the  period  examined.  Consequently,  by 


Figure  6-15. 

Shares  of  total  industrial  R&D  performed  in  OECD  countries 


Percent 


NOTES:  Data  were  calculated  using  purchasing  power  parities;  growth  rates  are  based  on  1985  constant  prices.  Qerman  data  for  the  former  West 
Qermany  only. 

SOURCE:  The  Organisation  for  Economic  Co-operation  and  Development,  Structural  Analysis  Database  for  Industrial  Analysis,  Analytical  Business 
Enterprise  R&D  (STAN/ANBERD)  file  (Paris:  1992). 
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Figure  6-16. 

U.S.  Industrial  RAD  performance 


Billions  of  constant  1985  U.S.  dollars 


1973 

1980 

1990 

Aircraft  24.6 

Comm,  aquip.  14.9 

Motor  vahicles  11.7 

Elect  machinoty  8.9 

CompyoIRcs  equip.  8.4 

Aircraft  21.6 

Comm,  equip.  14.4 

Motorvenides  11.6 

Comp7olfice  equip.  9.3 

Elect.  macWneiy  7.1 

Aircraft  24.6 

Comm,  equip.  16.5 

Comp./offk»  equip.  12.6 
Motor  vehictes  11.9 

Chemicals  6.6 
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1990,  the  computer  and  office  equipment  industry 
became  the  third  leading  r&d  performer  in  the  United 
States.  (See  figure  6-16.) 

Japan.  Since  1973.  R&l)  performance  in  Japanese  manu¬ 
facturing  industries  grew  at  a  higher  annual  rate  than  in 
the  United  States,  and  faster  than  all  other  industrialized 
countries  since  1980.  Japanese  industry  continued  to 
expand  its  R&l)  spending  rapidly  through  1985,  more 
than  doubling  the  annualized  rate  of  growth  seen  during 
the  1970s.  Japanese  industrial  R&n  spending  slowed 
somewhat  during  the  second  half  of  the  1980s,  but  still 
led  all  other  industrialized  nations  in  terms  of  average 
growth  in  industrial  R&D. 

The  eight  industries  examined  here  together  accounted 
for  between  66  and  72  percent  of  total  industrial  R&D  per¬ 
formed  in  Japan  during  the  1973-90  period,  compared  with 
over  82  to  88  percent  in  the  United  States.  This  suggests  a 
wider  role  for  R&D  in  Japan’s  industrial  sector  (outside  the 
eight  industries  examined)  than  seen  in  the  United  States. 

An  examination  of  the  top  five  R&D-performing  indus¬ 
tries  in  Janan  reflects  that  country’s  long  emphasis  on  com- 
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munications  technology  (including  consumer  electronics, 
high-definition  TV,  and  all  types  of  audio  equipment).  This 
industry  was  the  leading  performer  of  R&D  throughout  the 
period  reviewed.  Japan’s  motor  vehicle  industry  was  the 
third  leading  R&D  performer  in  1973,  but  rose  to  number 
two  in  1980  and  remained  at  that  level  through  1990.  (See 
figure  6-17  and  appendbc  table  6-9.)  Japanese  automobiles 
earned  a  reputation  for  high  quality  and  economy  during 
these  years,  which  earned  Japanese  auto  makers  larger 
and  larger  shares  of  the  global  car  market. 

Electrical  machinery  producers  also  are  among  the 
largest  R&D  performers  in  Japan  and  have  maintained 
high  R&D  growth  throughout  the  period  examined.  By 
contrast,  the  O.s.  electrical  machinery  industry  saw  its 
ranking  among  the  top  li.s.  R&D  producers  in  the  United 
States  decline  since  1973.  Japan’s  industry,  on  the  other 
hand,  moved  up  to  become  that  country’s  third  leading 
R&D-performing  industry  in  1990. 

Another  Japanese  industry  that  has  become  a  more 
important  R&D  performer  is  the  computer  and  office  equip¬ 
ment  industry.  Japan’s  computer  and  office  equipment 
industry  did  not  rank  among  the  top  five  R&D  performers 
until  1984.  But  rapid  R&D  growth  during  the  late  seventies 
and  throughout  the  eighties  moved  this  industry  ahead  of 


Figure  6-17. 

Japan’s  industrial  R&D  performance 


Billions  of  constant  1 985  yen 


Top  Industrial  RSD  porfbrmers  and  thair  shara  of  total  Industrial  MD 
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1990 

Comm,  equip. 
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Comm,  equip. 

17.2 

Comm,  equip. 

16.3 

Chemicals 

14.0 

Motor  vehides 

13.5 

Motor  vehicles 

14.4 

Motor  vehides 

12.4 

Chemicals 

12.4 

Elect  machinery 

11.2 

Elect,  machtnery 

11.9 
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9.4 

Chemicals 

10.1 

Pharmaceuticals 

5.2 
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6.4 

Compyoffice  equip.  10.0 
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Japan's  pharmaceutical  industry:  the  industry  has  main¬ 
tained  this  position  through  19^X).  (See  figure  6-17.) 

Germany.  During  the  1970s  (1973-80),  (lerman  industry 
led  the  industrialized  world  in  K&l)  growth  (when  calculated 
in  constant  purchasing  power  parities).  During  the  1980s, 
while  much  of  the  industrialized  world  tended  to  focus  even 
more  resources  on  industrial  Ri<:l),  German  industrial  H&n 
growth  slowed  down.  In  fact,  German  R&l)  grew  even  slow¬ 
er  during  the  second  half  of  the  decade  than  it  did  during 
the  already  sluggish  growth  period  of  the  early  1980s. 

Total  German  industry  Ri'tl)  appears  to  be  somewhat 
less  concentrated  among  the  eight  industries  examined 
than  in  the  United  States,  but  more  so  than  in  Japan.  The 
same  five  industries  have  led  German  industry  in  R&l)  per¬ 
formance.  (See  figure  6-18  and  appendbi  table  6-10.)  From 
1973  to  1985,  the  German  chemical  industry  led  all  other 
German  industries  in  total  R&n  perfomied.  The  communi¬ 
cations  equipment  industry  was  the  second  leading  per¬ 
former  during  this  time.  In  1986,  the  German  communica¬ 
tions  equipment  industry  became  its  number  one  R&D-per- 
forming  industiy,  even  surpassing  Germany’s  chemical 
industry  (a  traditional  strong  R&D  performer  in  Germany) 


Figure  6-18. 

Germany’s  industrial  R&D  performance 


Billions  of  constant  1985  deutsche  marks 
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and  has  retained  that  position  through  19fX). 

An  examination  of  those  other  industries  that  were  among 
the  top  five  Ril)  performers  in  Germany  mirrors  that 
country's  commercial  prominence  as  a  supplier  of  world- 
class  machinery  and  motor  vehicles.  During  the  second 
half  of  the  1980s,  the  German  computer  and  office  equip¬ 
ment  industry  and  its  pharmaceutical  industry  have 
shown  the  most  rapid  R&D  growth  among  the  eight  indus¬ 
tries.-'  (See  6-18.) 

Patented  Inventions 

One  of  the  important  benefits  of  R&D  is  a  stream  of  new 
technical  inventions  that  may  in  turn  be  embodied  in 
innovations — i.e.,  in  new  or  improved  products,  process¬ 
es,  and  services.  Inventors  can  obtain  government-sanc¬ 
tioned  property  rights  by  applying  for  patents.  Such 
patents  are  issued  by  authorized  government  agencies  for 
inventions  judged  to  be  new,  useful,  and  nonobvious.-" 

Patent  data  provide  useful  indicators  for  measuring 
technical  change  and  inventive  input  and  output  over 
time  (see  Griliches  1990).  Further,  ir.s.  patenting  by  for¬ 
eign  inventors  enables  measurement  of  the  levels  of 
invention  in  those  foreign  countries  (Pavitt  1985)  and  can 
serve  as  a  leading  indicator  of  new  technological  competi¬ 
tion  (Faust  1984).-'  Patent  statistics  trends  can  therefore 
serve  as  an  indicator — albeit  one  with  certain  limita¬ 
tions— of  national  inventive  activities.-'* 

This  section  describes  broad  trends  of  patent  activity 
in  the  United  States  over  time,  by  field,  and  by  industry 
by  both  D.s.  and  foreign  inventors.  It  discusses  patenting 
trends  in  foreign  countries  and  presents  new  data  on 
international  patenting  trends  in  "critical”  technologies. 

Granted  Patents  by  Owner 

Patents  Granted  to  Americans.-'  Over  the  past  15 
years,  the  number  of  patents  awarded  to  Ameiican  inventors 


-'K&D  perfonnance  by  Kuropean  Community  manufacturers  is  pre¬ 
sented  in  appendix  table  6-1 1. 

-'Although  the  t  .s.  Patent  and  Trademark  Office  grants  several 
types  of  patents  (e.g.,  design  patents),  this  discussion  is  limited  to  utili¬ 
ty  patents,  which  are  commonly  known  as  “patents  for  inventions." 

patent  grant  allows  an  inventor  to  exclude  others  front  making, 
using,  or  selling  that  invention.  See  Patent  and  Trademark  Office  (1989). 

-’Corporations  account  for  about  80  percent  of  all  foreign-owned 
f.s.  patents. 

-'■‘Patenting  indicators  have  some  well-known  drawbacks,  including 
the  following: 

♦  Incompleteness — many  inventions  are  not  patented  at  all.  in  part 
because  laws  in  some  States  already  provide  for  the  protection  of 
industrial  trade  secrets. 

♦  Inconsistency  across  industries — industries  vary  considerably  in  their 
propensity  to  patent  inventions;  consequently,  it  is  not  advisable  to 
compare  patenting  rates  between  different  technologies  or  industries. 

♦  Inconsistency  in  quality — the  inventions  patented  can  vary  consid¬ 
erably  in  quality.  (Patent  citation  rates,  discussed  on  p.  178,  are 
one  method  for  dealing  with  this  question  of  varying  quality.) 

Despite  these  and  other  limitations,  patents  provide  a  unique  and 
convenient  source  of  information  on  inventive  activities. 

"The  f.s.  Patent  and  Trademark  Office  grants  patents  to  both  f.s.  and 
foreign  inventors.  Patent  origin  is  determined  by  the  residence  at  the 
time  of  grant  of  the  first-named  inventor  as  spr'cified  on  the  face  of  the 
(Mtent.  Patents  "granted  to  Americans"  are  actually  f.s.  origin  patents. 


See  appenqix  table  6-10. 
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Figure  6-19. 

U.S.  patents  granted,  by  nationality  of  inventor 


Thousands 


Thousands 


NOTE;  German  data  are  for  the  former  West  Germany  only. 
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has  followed  two  different  trends.  From  1978  through  1988, 
the  number  of  patents  granted  to  Americans  declined  irreg¬ 
ularly."’  Since  1983,  the  number  of  patents  granted  to 
Americans  picked  up.  and  has  remained  on  a  general 
upward  trend.  In  1991.  the  latest  year  for  which  statistics 
are  available,  r.s.  origin  patenting  registered  a  new  high 
when  nearly  51.(XX)  patents  were  granted  to  l  .s.  resident 
inventors.  Foreign  patenting  in  the  United  States  also 
reached  new  highs  in  the  post-recession  period  (1983-91) 
and  grew  at  a  quicker  rate  than  did  t  .s.  domestic  patent¬ 
ing — 8.2  versus  5.6  percent  per  year. "  (St“e  figure  6-19  and 
appendix  table  6-12.) 

Patents  granted  to  American  inventors  can  be  further 
analyzed  by  patent  ownership  at  the  time  of  grant.  Inven¬ 
tors  who  work  for  private  companies  or  for  the  Federal 
Government  commonly  assign  ownership  of  their 
patents  to  their  employer;  self-employed  inventors  usual¬ 
ly  retain  ownership  of  their  patents.  The  owner's  sector 
of  employment  is  thus  a  good  indication  of  the  sector  in 
which  the  inventive  work  was  done.  In  1991,  71  percent 
of  granted  patents  were  owned  by  corporations.  -  (See 
figure  6-20.)  This  percentage  has  not  changed  signifi¬ 
cantly  over  the  years.  “ 

Individuals  are  the  next  largest  group  of  I  .s.  origin 
patent  owners.  Prior  to  1978.  individuals  owned  a  quarter 
of  all  patents  granted.  Their  share  rose  to  27  percent  in 
1980  and  was  26  percent  in  1991.  The  federal  share  of 
patents  averaged  3.5  percent  of  total  during  the  period 
1963-77;  thereafter,  I'.s.  Government-owned  patents  as  a 
share  of  total  U.s.  origin  patents  has  declined.""’  Finally, 
only  about  1  percent  of  patents  granted  to  American  inven¬ 
tors  are  owned  by  foreign  corporations  or  governments. 

In  1991,  the  number  of  patents  granted  in  the  Ignited 
States  rose  nearly  8  percent."’  f.s.  inventors  received  53 
percent  of  the  l  .s.  patents  granted  that  year,  representing 


“The  number  of  patents  granted  to  all  countries  dipped  in  19711  tx-cause 
the  Patent  Office  could  not  afford  to  print  all  the  (Mtenls  approvefl  that  year. 

"Both  t  .s.  and  foreign  patenting  declined  from  1987  to  1988.  lliis 
decline,  one  of  many  oscillations  that  appear  in  patenting  data  by  year 
'  f  patent  grant,  may  be  due  to  the  especially  low  number  of  patents 
awarded  in  1986  because  of  budget  restrictions  at  the  Patent  Office. 
This  development,  in  turn,  led  to  an  unusually  high  number  of  (tatent 
grants  in  1987  as  patents  were  carried  over  into  that  year.  Also,  utility 
patent  applications  dropped  in  1983.  Since  it  can  take  2  to  3  years 
before  a  successful  application  matures  into  a  patent,  this  drop  may 
also  have  contributed  to  the  low  number  of  patent  grants  in  1986. 

’•-'About  2.6  percent  of  patents  granted  to  Americans  in  1991  were 
owned  by  l  .s.  universities  and  colleges.  The  Patent  Office  counts  these 
as  being  owned  by  corporations.  For  further  discussion  of  academic 
patenting,  see  chapter  .6,  "Patents  Awarded  to  I'.S.  I'niversities.” 

"Between  1978  and  1991,  corporate-owned  patents  accounted  for 
between  69  and  73  percent  of  total  American-owned  patents. 

"Prior  to  1978,  data  are  provided  as  a  total  for  the  period  1963-77. 

’’Federal  inventors  frequently  obtain  a  statutory  invention  registra¬ 
tion  (SIR)  rather  than  a  patent.  .An  sir  is  not  ordinarily  subject  to  exami¬ 
nation  and  costs  less  to  obtain  than  a  patent.  Also,  an  SIR  gives  the 
holder  the  right  to  use  the  invention,  but  does  not  prevent  others  from 
selling  or  using  the  invention  as  well. 

“’Part  of  this  increase  may  be  attributed  to  the  ongoing  efforts  by  the 
Patent  Office  to  reduce  "pendency,"  the  time  between  receipt  of  a 
patent  application  and  completion  of  its  processing. 
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a  small  increase  in  share  of  l :.s.  patents  awarded  to 
Americans.  Before  1989,  foreigner  inventors  were 
patenting  in  the  United  States  at  a  faster  pace  than  U.s. 
resident  inventors.  That  trend  stalled  in  1989  and  1990, 
and  was  reversed  in  1991  as  American  inventors’  U.s. 
patent  success  outpaced  that  of  foreign  inventors. 

The  number  of  patents  awarded  to  Americans  in  1991 
represented  the  first  upturn  in  u.s.  share  of  granted 
patents  since  1977.  The  increase  in  U.s.  share  is  a  reflec¬ 
tion  of  the  successes  of  individual  inventors  and  of  a  rise 
in  U.s.  Government-owned  patents.  Increased  patent 
activity  by  government  agencies  was  encouraged  by  leg¬ 
islation  enacted  during  the  1980s  which  called  for  U.s. 
agencies  to  establish  new  programs  and  increase  incen¬ 
tives  to  its  scientists,  engineers,  and  technicians  in  order 
to  improve  the  transfer  of  technology  developed  in  the 
course  of  government  activities. 

Patents  Granted  to  Foreign  Inventors.  Foreign- 
owned  patents  represent  nearly  half  (47  percent  in  1991) 
of  all  patents  granted  in  the  United  States.  Moreover,  the 
number  of  U.s.  patents  granted  to  foreign  inventors 
increased  in  1991,  although  the  increase  was  smaller  than 
that  reported  for  those  with  u,s.  origin  (a  5.3-percent 
increase  versus  7.6  percent).  In  1991,  foreign  corporations 
owned  nearly  82  percent  of  the  foreign-origin  U.S.  patents, 
individuals  owned  11  percent,  and  foreign  governments 
owned  just  1  percent.  Since  1978,  corporate  ownership  of 
foreign-origin  u.s.  patents  has  grown  in  importance  as  the 
share  owned  by  individuals  has  declined. 

Foreign  patenting  in  the  United  States  is  highly  concen¬ 
trated  by  country  of  origin.  In  1991,  just  five  countries — 
Japan,  Germany,  Great  Britain,  France,  and  Canada — 
accounted  for  80  percent  of  U.S.  patents  granted  with  for¬ 
eign  origin.  (See  figure  6-19.)  The  numbers  of  patents 
granted  to  inventors  from  these  countries  have  generally 
increased.  Of  these  five  countries,  only  the  Japanese 
share  grew  over  the  past  14  years.  This  growth,  however, 
has  been  dramatic,  with  Japanese  inventors  receiving  22 
percent  of  all  u.s.  patents  in  1991  and  46  percent  of  all  u.s. 
patents  with  foreign  origin.  In  1978,  these  shares  were 
under  11  percent  and  28  percent,  respectively. 

Patent  shares  accounted  for  by  inventors  from  the  top 
three  European  countries  generally  declined  over  the 
past  14  years:  German  inventors  were  granted  24  per¬ 
cent  of  I'.s.  patents  with  foreign  origin  in  1978;  this  share 
fell  to  17  percent  in  1991.  The  British  share  fell  the  most 


■The  Stevenson-Wydier  Technology  Innovation  Act  of  1980  made 
the  transfer  of  federally  owned  or  originated  technology  to  state  and 
local  governments,  and  to  the  private  sector,  a  national  policy  and  the 
duty  of  each  government  laboratory.  The  act  was  amended  by  the 
Federal  Technology  Transfer  Act  of  1986  to  provide  additional  incen¬ 
tives  for  the  transfer  and  commercialization  of  federally  developed 
technologies.  l.ater.  Executive  Order  12.591  of  April  1987  ordered  exec¬ 
utive  departments  and  agencies  to  encourage  and  facilitate  collabora¬ 
tion  among  federal  laboratories,  state  and  local  governments,  universi¬ 
ties.  and  t'  orivate  sector — particularly  small  business — in  order  to 
aid  techno  transfer  to  the  marketplace. 


Figure  6-20. 

U.S.  patents  granted,  by  sector  of  owner 


1978  1983  1988  1991 
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among  the  top  three  European  countries,  dropping  from 
11  percent  in  1978  to  6  percent  in  1991.  Canadian  inven¬ 
tors’  share  of  u.s.  patents  granted  declined  in  the  late 
seventies  and  early  eighties  before  showing  evidence  of 
reversing  this  trend  in  1987  with  small  gains  made  in 
1989  and  1991. 

Comparing  foreign  patenting  growth  rates  in  the 
United  States  in  the  wake  of  the  1980s  recession 
reveals  the  expanding  roles  of  Japan  and  Europe  as 
technology  competitors  and  also  identifies  several 
other  countries  with  a  demonstrated  capacity  to  gener¬ 
ate  new  technologies.  During  the  1983-91  period,  the 
average  U.s.  patenting  growth  rate  was  8.2  percent  per 
ye^r  among  inventors  from  all  foreign  countries. 
Countries  whose  inventors  demonstrated  above  aver¬ 
age  patent  activity  in  the  United  States  and  also  claimed 
over  100  patents  in  1991  were 

♦  South  Korea,  40.8  percent  growth  in  patents  per 
year  (401  U.s.  patents  granted  in  1991): 

♦  Taiwan,  38.8  percent  per  year  (898  patents); 

♦  Spain,  15.0  percent  per  year  (153  patents); 

♦  Israel,  13.7  percent  per  year  (305  patents): 

♦  Japan,  11.4  percent  per  year  (20,916  patents); 

♦  Finland,  9.3  percent  per  year  (328  patents):  and 

♦  Canada,  9.2  percent  per  year  (2,030  patents). 
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During  this  siime  ix'riod.  sovenil  olluT  countries’  inven¬ 
tors  sltowed  tibove  averajje  patent  activity  in  the  United 
States.  Hiese  included 

♦  Honjj  KonjJt,  17.0  percent  per  year  (49  l  .s.  patents 
granted  in  1991); 

♦  Brazil.  1.')..')  pt'icent  (teryt-ar  (00);  and 

♦  Ireland,  15.0  percent  per  year  (55  patents). 

llie  patenting  jjrowth  rate  for  the  United  States  during 
this  time  was  5.t)  percent  per  year  (.50,095  patents). 

Patents  by  Patent  Office  Classes  ' 

A  country’s  distribution  of  patents  by  technical  area  pro¬ 
vides  a  key  to  understanding  that  country’s  contribution 
to  important  fields  of  technology.  'Iliis  section  compares 
and  discusses  the  various  key  technical  fields  favored  by 
inventor's  from  various  countries  in  their  I  .s.  patenting. 

Fields  Favored  by  U.S.,  Japanese,  and  German 
Inventors.  Wliile  v.s.  patent  activity  spans  a  very  wide  spt>c- 
tnrrn  of  technology  and  new  product  areas,  f.s.  corpora¬ 
tions’  patenting  also  shows  a  particular  emphasis  on  st'venri 
of  the  technology  areas  that  arc>  expected  to  play  ar  impor¬ 
tant  role  in  future  national  economic  gr'owth  (National 
Critical  Technologies  Panel  lf)f)5).  In  1991,  I'.s.  inventors 
were  granted  patents  on  inventions  related  to  high-pi'rfor- 
mance  computing,  telecommunications,  electricity  trans¬ 
mission.  devices  for  the  manufacture  of  semiconductors, 
and  superconductor  technology,  f.s.  patent  activity  also 
reflects  this  country’s  natural  resource  endowment  and  the 
economic  importance  gained  from  more  effective  extrac¬ 
tion  and  use  of  these  resources.'"  The  strength  of  (i.s. 
chemical  and  biomedical  industries  is  evident  from  the 
large  number  of  patents  assigned  to  I'.s.  coriiorations  in 
these  areas.  (See  text  table  (>1  and  appendix  table  (>1,3.) 

Japanese  patenting  in  the  United  States  appears  to  focus  on 
technologies  and  products  related  to  several  commercially 


'Note  that,  despite  the  draniatie  reeent  increase  in  [latent  activity  by 
tile  newly  indiislriaiizeci  eeiinoniies  of  Kast  Asia — particuiarly  Taiwan 
and  Soutli  Korea — these  countries,  as  a  Kroup.  accounted  for  just  1.4 
percent  of  aii  I  S.  patents  Kranted  in  IWl  and  under  ?,  percent  of  I  .s. 
patents  granted  to  foreijpi  inventors. 

'Infonnation  in  this  section  is  based  on  the  Patent  and  I’radeniark 
Office's  classification  system  whieli  divides  [latents  into  approximately 
;17II  active  classes.  Usinjr  this  system,  patent  activity  for  t  .s.  and  for- 
eiKii  inventors  in  recent  years  can  be  compared  by  developinK  an  actw- 
ity  index.  'Iliis  index  measures  a  country's  patentiiiH  activity  within  a 
jjiven  class.  I'or  any  Khen  year,  the  activity  index  is  the  proportion  of 
patents  in  a  particular  class  granted  to  inventors  in  a  specific  country 
divided  by  the  proportion  of  all  patents  granted  to  inventors  in  that 
country. 

Ifecause  I  .s.  patenting  data  reflect  a  much  larger  share  of  pafentinj; 
by  individuals  without  corporate  or  government  affiliation  than  do  data 
on  foreign  patentinj;.  only  patents  granted  to  corporations  are  used  to 
constnict  the  I  .s.  patenting  activity  indexes. 

‘"Research  on  the  liistory  of  I  .s.  innovation  (Abramovitz  198(i  and. 
more  recently.  Mowery  and  Rosenberg  IflfKi)  also  finds  natural 
resource  '  -'dowments  to  have  a  strong  influence  on  a  country's  pattern 
of  innov 


imjKirtaiit  iiulustries.  'Hie  1991  patent  data  show  Japanese 
inventors  emphasizing  those  technology'  classes  assix  iat- 
ed  with  the  motor  vehicle,  photography,  and  photocopy¬ 
ing  iiulustries.  (See  text  table  fi-l  and  appt'iuiix  table  f> 
14.)  Hut  also  increasingly  evident  is  the  wider  range  of 
t  .s.  patents  awarded  to  Japanese  inventors  in  informa¬ 
tion  technology.  From  improved  information  storage 
technology  for  computers  to  improved  optic  systems. 
Japanese  inventions  are  earning  r.s.  patents  in  areas  that 
will  facilitate  the  expansion,  storage,  and  transmission  of 
infonnation. 

German  inventors  continue  to  develop  new  products 
and  processes  in  technology  areas  associated  with  the 
heavy  manufacturing  industries  in  which  (iermany  has 
traditionally  maintained  a  large  presimce.  Tlie  1991  t  .s. 
patent  activity  ifidex  shows  (ierman  emphasis  on  the 
printing,  chemicals,  steel,  motor  vehicle,  and  power  gen¬ 
eration-related  patent  classes.  (See  text  table  (>1  and 
appendix  table  (>15.)  Hut,  like  the  Japanese,  (ierman 
inventors  have  not  ignored  the  new  technology  areas 
that  may  dictate  an  expansion  of  its  industrial  sector’s 
future  competitiveness,  (iermany ’s  l  .s.  patenting  activity 
also  indicates  that  its  inventors  are  developing  new  prod¬ 
ucts  and  processes  that  would  fall  within  biotechnology' 
and  optoelectronic  technology  areas. 

Fields  Favored  by  Other  Major  Industrialized 
Countries.  Like  the  United  Slates,  Canada  is  a  large, 
resource-rich  country  ;  Us  patent  activity  in  the  Vlnited 
States  reflects  these  national  characteristics.  Canadian 
inventions  patented  in  the  United  .States  are  no  doubt 
influenced  by  the  need  to  find  better  ways  to  extract  its 
oil  and  mifierals  and  the  need  for  better  telecommunica¬ 
tions  across  its  vast  land  area.  (See  text  table  (>2  and 
appendix  table  (>16.)  Also,  its  proximity  to  the  United 
States  and  close  ties  with  I  .s,  industry  are  evidenced  by 
the  similar  concentrations  of  patent  activity  for  the  two 
countries. 

French  patent  activity  in  the  l.Inited  States  emphasizes 
nuclear  technology  and  communications.  (See  text  table 
6-2  and  appendix  table  (i-17.)  The  French  also  show- 
high  activity  in  biotechnology  fields — an  area  in  which 
the  French  already  provide  considerable  competition  for 
t'.s.  biotech  finns. 

The  British  are  also  quite  active  in  the  biotechnology 
patent  classes  and  communication  technologies;  they 
share  the  P.s.  emphasis  on  aeronautics  as  well.  (See  text 
table  (>2  and  appendix  table  (>18.)  Like  the  (jermans, 
the  British  do  not  patent  much  in  the  United  States  in 
semiconductor  manufacturing,  nor  do  they  particularly 
patent  in  areas  of  Japanese  emphasis,  such  as  dynamic 
information  storage  and  retrieval  and  photography. 

Fields  Favored  by  Newly  Industrialized  Economies. 

Patent  activity  by  N'lKs  in  the  United  States  can  be  seen 
as  an  indicator  of  these  economies’  technological  devel¬ 
opment  and  as  a  leading  indicator  of  those  product  mar¬ 
kets  likely  to  see  increased  competition. 
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Text  table  6-1 . 

Top  15  most  emphasized  U.S.  patent  classes  for  inventors  from  the  United  States,  Japan,  and  Germany 


United  States 

Japan 

Germany 

1. 

Mineral  oils  processes  and  products 

Dynamic  information  storage  or  retrieval 

Printing 

2. 

Chemistry,  hydrocarbons 

Photography 

Chemistry,  fertilizers 

3 

Wells 

Photocopying 

Organic  compounds' 

4. 

Chemistry— analytical  &  immunological  testing 

Dynamic  magnetic  infoimation  storage 
or  retrieval 

Organic  compounds' 

5. 

Food  or  edible  material:  processes,  compositions 
and  products 

Typewriting  machines 

Organic  compounds' 

6 

Superconductor  technology — apparatus,  material. 

Radiation  imagery  chemistry — process. 

Ammunition  and  explosives 

process 

composition  or  products 

7. 

Error  detection/correction  &  fault  detection/ 
recovery 

Recorders 

Bearing  or  guides 

8. 

Amplifiers 

Pictorial  communication:  television 

Winding  and  reeling 

9. 

Chemistry:  molecular  biology  and  microbiology 

Static  information  storage  and  retrieval 

Brakes 

10 

Drug,  bio-atfecting  &  body  treating  compositions 

Active  solid  state  devices,  eg. 
transistors,  solid  state  diodes 

Compositions,  coating  or  plastic 

11. 

Chemistry,  lignins  or  reaction  products  thereof 

Sewing 

Synthetic  resins  or  natural  rubber‘d 

12. 

Synthetic  resins  or  natural  rubber’ 

Music 

Internal-combustion  engines 

13. 

Compositions 

Motor  vehicles 

Typewriting  machines 

14. 

Electrical  transmission  or  nterconnection  systems 

Internal-combustion  engines 

Chemistry,  inorganic 

15, 

Electricity,  conductors  and  insulators 

Image  analysis 

Synthetic  resins  or  natural  rubber'’ 

Part  of  tti"'  class  532-570  senes. 

■  Part  o'  ,ne  class  520  senes. 

See  appendix  tables  6-13,  6-14.  and  6-15 
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Text  table  6-2. 

Top  15  most  emphasized  U.S.  patent  classes  for  inventors  from  Canada,  France,  and  Great  Britain 

Canada 

France 

Great  Britain 

1. 

^1etallurgy 

Induced  nuclear  reaction,  systems 
&  elements 

Drug,  bio-atfecting  &  body  treating 
compositions 

2 

Chemistry,  inorganic 

Wave  transmission  lines  &  networks 

Joints  and  connections 

3. 

Electricity,  conductors  and  insulators 

Brakes 

Chemistry,  fertilizers 

4. 

Plastic  article  or  earthenw  are  shaping  or 
treating 

Organic  compounds' 

Metal  fusion  bonding 

5. 

Multiplex  communications 

Organic  compounds' 

Optical  waveguides 

6 

Chemistry — analytical  &  immunological  testing 

Communications,  directive  radio  wave 
systems  &  devices 

Aeronautics 

7. 

Telephonic  communications 

X-ray  or  gamma  ray  systems  or  devices 

Organic  compounds' 

8 

Static  structures,  e.g.,  buildings 

Glass  manufacturing 

Pulse  or  digital  communications 

9. 

Supports 

Pipe  joints  or  couplings 

Drug,  bio-affecting  &  body  treating 
compositions 

10. 

Mineral  oils:  processes  and  products 

Communication,  electrical:  acoustic  wave 
systems  &  devices 

Wells 

11. 

Apparel 

Organic  compounds' 

Brakes 

12. 

Wells 

Chemistry,  inorganic 

Conveyoi'S,  power-driven 

13. 

Chemistry,  electrical  current  producing 
apparatus,  product  and  process 

Registers 

Glass  manufacturing 

14. 

Material  or  article  handling 

Electricity,  circuit  makers  and  breakers 

Compositions 

15. 

Cleaning  and  liquid  contact  with  solids 

Aeronautics 

Communications,  directive  radio 
wave  systems  &  devices 

Part  of  the  class  532-570  senes 

See  appendix  tables  6-16,  6-17,  and  6-18.  Sc/ence  S  Engineering  Indicators  ~  1993 


Tainan  illustrates  tlie  niovement  of  Mi  s  toward  new 
teehiioio.ijv’  devc'lopment  and  iniprovemeiit  of  |)reviously 
establislied  leelinolo.ijies.  (Se(  text  table  (>!!  and  a|)i>('ndix 
table  b-l!l.)  As  recently  as  IfWO,  Taiwanese  patent  activity 
in  the  I  'nit'-d  States  was  predoinin.intly  in  the  area  of  toys 
and  oth  amnseiiient  devices.  Ify  Ihtll,  Taiwan  was 


active  in  more  hi.tihly  technical  classes,  ,u:ainin,u  t  .s. 
patents  in  such  a.reas  as  coninumications  technoloj^y. 
semiconductor  manufacturinr;  iirocesses,  and  internal 
combustion  enp^ines.  (Sei'  Nsi;  ItIfU.  chapter  b.)  llie  latest 
data  now  show  that  inventors  Iron,  Taiwan  have  added 
supercondin'tor  ter  hnoloLry  to  theii  list  ot  jiatent  classes. 
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Text  table  6-3. 

Top  15  most  emphasized  U.S.  patent  classes  for  Inventors  from  Taiwan  and  Korea 


Taiwan 

Korea 

1. 

Locks 

Electric  lamp  &  discharge  devices 

2. 

Superconductor  technology:  apparatus,  material,  process 

Semiconductor  device  manufacturing  process 

3. 

Closure  fasteners 

Static  information  storage  &  retrieval 

4. 

Metallurgy 

Telephonic  communications 

5. 

Amusement  and  exercising  devices 

Pictorial  communication;  television 

6. 

Semiconductor  device  manufacturing  process 

Electrical  transmission  or  interconnection  systems 

7. 

Electricity,  conductors  &  insulators 

Dynamic  magnetic  information  storage  or  retrieval 

8. 

Electricity,  circuit  makers  &  breakers 

Pulse  or  digital  communications 

9. 

Error  detecfion/correction  &  fault  detection/recovery 

Electric  heating 

10. 

Electrical  connectors 

Gas  separation 

11. 

Brushing,  scrubbing  &  general  cleaning 

Registers 

12. 

Metal  deforming 

Joints  and  connections 

13. 

Illumination 

Multiplex  communications 

14. 

Telephonic  communications 

Electric  lamp  and  discharge  devices,  systems 

15. 

Pumps 

Active  solid  state  devices,  e  g.,  transistors,  solid  state  diodes 

See  appendix  tables  6-19  and  6-20.  Science  &  Engineering  Indicators  -  1993 


I  .s.  patoiitiiiK  by  South  Korean  inventors  is  heavily  eon- 
eentrateci  in  the  patent  elasst's  that  include  electrical  prod¬ 
ucts  and  electronic  component  technologies.  (St'e  text 
table  ti-il  and  appendix  table  (>2t).)  South  Korea  is  also 


very  active  in  such  commercially  sigiiificant  technologies 
as  semiconductor  devices  and  computer  peripheral  equip¬ 
ment.  In  fact.  South  Korea  is  already  a  major  supplier  of 
computers  and  peripherals  to  the  United  States,  and  these 


Figure  6-21. 

Share  of  total  patents  awarded  to  nonresident  Inventors 


Percent 

too  f 


Italy  Canada  Mexico  Brazil  Great  France  Germany  United  Japan  Former 

Britain  States  Soviet 

Union 


NOTE:  German  data  are  for  the  former  West  Germany  only. 
See  a-'endix  tables  6-12  and  6-21 
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patent  activity  data  show  that  the  country’s  inventors  may 
be  developing  the  improvements  that  will  support  South 
Korea’s  future  competitiveness  in  these  technologies/' 

Patenting  Outside  the  United  States 

In  most  parts  of  the  world,  foreign  inventors  account  for 
a  much  larger  share  of  total  patent  activity  than  is  the  case 
in  the  United  States.  When  foreign  patent  activity  in  the 
United  States  is  compared  with  that  in  11  other  important 
countries  during  the  years  1985  through  1990,  only  the 
former  Soviet  Union — ^with  under  2  percent  of  its  patents 
awarded  to  foreign  inventors — and  Japan — with  around  15 
percent — had  less  foreign  patent  activity.  (See  figure  6-21 
and  appendbc  table  6-21.)  The  long  pendency  period  (6  to 
7  years)  in  Japan  and  Japanese  industry’s  practice  of  filing 
large  numbers  of  applications  claiming  minor  technical 
improvements  to  rival  patentees’  core  technology  tend  to 
discourage  foreign  patenting  (GAO  1993). 

What  is  often  obscured  by  the  rising  trends  in  foreign- 
origin  patents  in  the  United  States  is  the  success  and 
widespread  activity  of  u.S.  inventors  in  patenting  their 
inventions  around  the  world.  U.S.  inventors  lead  all  other 
foreign  inventors  not  just  in  countries  neighboring  the 
United  States  (Canada  and  Mexico)  or  in  those  as  close  cul¬ 
turally  as  Great  Britain,  but  also  in  Japan,  Brazil,  and  India. 
(See  figure  6-22.)  Two  of  the  United  States’  major  competi¬ 
tors  show  similar  global  patenting  activity.  Japanese  inven¬ 
tors  edge  out  Americans  in  Germany  and  dominate  foreign 
patenting  in  South  Korea.  German  inventors  lead  all  foreign 
inventors  in  France  and  the  former  Soviet  Union;  they  are 
also  quite  active  in  all  of  the  other  countries  examined. 

International  Patenting  Trends  for  Three 
Important  Technologies^- 

This  section  explores  the  relative  strength  of  America’s 
technological  position  by  examining  international  patenting 
patterns  in  the  critical  technologies  of  advanced  manufactur¬ 
ing,  biotechnology,  and  information  technology.^*  To  facili¬ 
tate  patent  search  and  analysis,  these  broad  technology 
areas  were  each  represented  by  a  narrower  subfield;  robot 


"South  Korea  was  the  fifth  largest  foreign  supplier  of  computers  and 
peripherals  to  the  United  States  in  1989.  See  ITA  (1991).  p.  28-2. 

'-'Ilata  in  this  section  are  drawn  from  a  database  containing  patent 
records  from  33  major  patenting  countries,  which  facilitates  a  more 
comprehensive  assessment  of  the  I'.s.  technological  position  vis-a-vis 
other  national  competitors.  These  data  were  developed  under  contract 
for  the  National  Science  Foundation  by  Mogee  Research  &  Analysis 
Associates;  they  were  extracted  from  the  World  Patents  Index 
database  published  by  Derwent  Publications.  1,11). 

"The  technology  areas  selectt  d  for  this  study  met  several  criteria: 

♦  Each  appeared  on  the  lists  of  critical  technologies  considered 
important  to  future  f.s.  economic  competitiveness  or  national 
security.  (See  Mogee  1991.) 

♦  Each  is  characterized  by  the  output  of  patentable  products  or 
processes. 

♦  Each  could  be  defined  sufficiently  to  permit  construction  of 
accurate  patent  search  strategies. 

♦  Ea  ielded  a  sufficient  population  lor  statistical  analysis. 


technology  was  used  as  a  proxy  for  advanced  manufactur¬ 
ing,  genetic  engineering  (recombinant  DNA — rdna — tech¬ 
niques)  was  used  for  biotechnology,  and  optical  fibers  were 
used  to  represent  patent  activity  in  information  technology.*^ 
To  ensure  maximum  comparability  of  data,  the  unit  of  analy¬ 
sis  used  in  this  discussion  is  built  around  the  concept  of  a 
“patent  family’M.e.,  all  the  patent  documents  published  in 
different  countries  associated  with  a  single  invention.  (See 
“International  Patent  Families  as  a  Basis  of  Comparison.’^ 

In  this  section,  three  indicators  are  used  to  compare 
national  positions  in  each  critical  technolog>\ 


‘TTiese  subfields  were  identified  based  on  a  review  of  recent  critical 
technologies  rep)orts  and  extensive  consultation  with  National  Science 
Foundation  staff  and  experts  in  the  technologies  to  determine  repre¬ 
sentative  subfields. 


Figure  6-22. 

Patents  granted  to  nonresident  Inventors, 
by  granting  country:  1990 


Parcantaga  of  nonrMhtent  patant* 

NOTE:  German  data  are  for  the  former  West  Germany  only. 

See  appendix  table  6-2t .  Science  S  Engineering  Indicators  -  1993 
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international  Patent  Families  as  a  Basis  of  Comparison 


A  patent  family  consists  of  all  the  patent  docu¬ 
ments  published  in  different  countries  associated 
with  a  single  invention.  The  first  application  filed 
anywhere  in  the  world  is  the  priority  application-,  it  is 
assumed  that  the  countr>’  in  which  the  priority  appli¬ 
cation  was  filed  is  the  country  in  which  the  invention 
was  developed.  Similarly,  the  priority  year  is  the  year 
in  which  the  priority  application  was  filed.  The  basic 
patent  is  the  first  patent  or  patent  application  pub¬ 
lished  in  any  of  the  iTt  countries  covered  in  the 
database  used  in  this  section.  This  database,  the 


World  Patents  Index  Latest,  covers  basic  patents  | 
published  from  1981  to  the  present.  | 

Counts  of  patent  families  over  time  as  an  indicator  of 
technological  activity  are  skewed  by  those  countries 
with  national  patent  systems  that  encourage  large 
numbers  of  patent  applications  (e.g..  Japan).  To  elimi¬ 
nate  this  bias  wherever  possible,  international  patent 
families  are  used  as  a  basis  of  comparison.  An  interna¬ 
tional  patent  family  is  created  when  patent  protection 
is  sought  in  at  least  one  other  country  besides  the  one 
in  which  the  earliest  priority  application  was  filed. 


♦  Trcnth  in  intcniotiioial  inventive  activity:  lliis  indica¬ 
tor  iirovidi's  a  llrst  measure  of  the  extent  and  gi'owth 
of  each  nation's  inventive  activity  im|)oi1ant  enough  to 
1h'  iiatented  outside  of  the  conntiy  of  origin,  niese 
data  are  tabulated  b\  jiriority  year.  (See  ■‘Intenuitional 
Patent  I'amilies  as  a  lltisis  of  Com|)arison"  for  defini¬ 
tion.)  Since  18  montlis  usually  sepanite  the  jiatent  fil- 
in,g  date  from  the  dtite  of  iniblication,  tivailable  data 
may  be  incomplete  prior  to  1980  and  after  1990;  there¬ 
fore,  till' period  examined  is  1980  to  1990.' 

♦  Highly  cited  inventions:  IiUerptitent  cittitions  tire  <m 
ticcepted  method  of  gtiuging  the  technological  value 
or  signilictince  of  different  patents."  These  citations, 
provided  by  the  ptitent  examiner  usually  on  the  front 
page  of  a  ptitent  document,  indicate  the  "|)rior  art" — 
i.e..  the  technology  in  reltited  fields  of  invention — 
that  wtis  taken  into  ticcount  in  judging  the  novelty  of 
the  iiresetit  invention.'  file  number  of  citations  a 
ptitent  receives  from  Ititer  ptiteiUs  serves  tis  tin  indi- 
ctitorof  the  original  iiatenfs  technictil  importtince  or 
vtilue.  nie  technologictil  signilictince  indictitor  used 
here  ;ittem|)ts  to  tissess  a  country’s  contribution 
towtird  tidvtincing  the  ptirticidtir  field  of  technology 
by  determining  the  number  of  iiatent  ftimilies  from 
each  priority  coimtiy  thtit  are  highly  cited.''  "Highly 
cited"  in  this  case  metins  the  toj)  1  percent  of  fami¬ 
lies  in  terms  of  the  number  of  cittitions  receivi'd.  To 


‘  III  iiiiiiiv  viMiiilrics.  ii.ilcMt  ,'i|i|ilii'.iliiiMs  lire  imhlishcd.  iiiiliiiii;ilH-ally. 
Is  iiioiilh'.  atlrr  llii'  iii'iiiiili  lllin.e. 

'  Car|»'iili  i'.  Naiin.  ami  Wmill  Il'tsli  show  iliat  li-iTinolujiii-atty 
iinpiirlaiil  I  iialriiN  nn  avriayr  i  rvi  ivc  Iwivi'  a--  many  rxaniini-r  cila- 
11011--  a-^  (loos  ilio  avorayo  i  s  paionl.  lliiis  liolpiny'  lo  coiirinn  llic  validi- 
ly  ol  inlorpaloni  oilalion  as  an  indioalor  ol  paionl  (pialily.  .\ll)orl.  .Avoiy. 
Naiin.  and  \to.\Iiisioi'  ip.ipli  show  dial  oilalion  ooiinls  prove  lo  bo  a 
iisolnl  lool  ill  idoinilyin.n  i  inninoo  ialK  ini|iorlanl  palonls. 

'  I  ho  oilalioiis  ooiinlod  an-  ihoso  placed  on  palonls  I'dod  will)  ibo 
1  nropoaii  I’alonI  Olfioo  II  I'm  b\  I  I'o  oxaininoi  s.  since  I  po  citalions  are 
lioliovod  III  bo  a  loss  biased  and  broader  source  ol Ciialions  than  iho-a- 
ol  Iho  I  .s.  I’alonI  and  I  vadoniark  I  Hfico.  See  1.  Ians  and  1  li.nltani  ( lllS’J). 
't  ilalion  dala  are  based  on  Iho  Inhil  number  ol  paP-nl  laniilios,  not 

illsl  die  i:  iitiiDiiil  laniilios. 


normtilize  differences  in  number  of  ptitent  ftimilies.  a 
countiy's  shtire  of  highly  cited  iiatents  are  divided 
by  its  shtire  of  tottil  iititent  ftimilies. 

♦  International  patent  family  size:  (iiven  the  signifi¬ 
cant  costs  associated  with  obtaining  ixitent  iirotec- 
tion  in  multiple  countries,  it  can  be  assumed  that 
the  luimber  of  countries  in  which  protection  has 
been  sought  is  an  indictitor  of  tlu'  perceived  com¬ 
mercial  potential  of  an  invention.  An  indicator  of  rel- 
titive  national  rankings  of  commercial  potential  is 
calcultited  by  comptiring  mean  family  size  for  inter¬ 
national  patent  families  by  priority  countiy.'" 

Robot  Technology 

Robot  technology,  a  high-visibility  facet  of  advanced 
manufacturing,  is  easily  associated  with  this  broader 
technology  sector.  I'or  this  study,  robot  technology’  w’as 
defined  as  program-controlled  manipulators,  including 
the  maniiiultitor,  iirogram  control,  gripping  heads,  joints, 
arm  sensors,  safety  devices,  and  accessories;  and  exclud¬ 
ing  nonprogram-controlled  manipulators,  prosthetic 
devices,  and  toy  robots. " 

International  Patenting  Activity.  An  examinatiiai  of 
intermitiontil  (tatenting  trends  during  the  1980-90  dectide 
highlights  the  raiiid  growth  taking  place  in  the  develoi> 
ment  of  robot  technology'.  I  he  number  of  international 


"Opcralidiially.  llii>  means  enimliii.i;  llie  number  of  eminlries  in  a 
lamily  in  wbicb  a  paleiil  piililiealinn  li.e..  a  published  palent  application 
oral)  issued  palenl)  exists. 

Tile  Irends  discussed  lor  robol  leclmoloyw  are  esiimales  based  on 
a  sample  ol  L’.;!-")?  records  drawn  Irom  a  popnlation  ol  tll.ZlI.'!  records 
lisled  in  Denvein's  World  Palenl  Index  rtilesl  (IM'II  )  dalabase.  I  he 
populalion  consi>led  ol  all  wpil  robot  teclmolo,cy  records  willi  basic 
palenl  piiblicalion--  pnblislied  in  IPSl  lbron,t:li  mid-lUlI  l  and  priorily 
applicalions  in  die  t'niled  Slates,  Japan.  West  (ierinany.  liasl 
(lerniany.  I  rance.  (ireal  Urilain.  and  Sonlli  Korea.  The  sainpliiii; 
melbod  was  random  >ample.  siratilied  by  priority  connliy.  'Hie  seven 
coniilries  acconnied  lor  about  lit.  I  percent  ol  lolal  robot  lecbnoloyy 
lamilie--.  Hie  iben-Soviel  I'nion  accounted  lor  aboni  anollier  per¬ 
cent.  bill  was  not  included  because  ol  incomplele  dala  associaled  will) 
llial  eininliy’s  breakii|i. 
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pateiU  taniilies  with  priority  applications  in  the  seven 
countries  examined  (the  United  States,  Japan.  West 
(lermany,  Hast  (lermany,  France,  (Ireat  Britain,  and 
South  Korea)  rose  quickly  and  steadily  from  1980  to  1988 
before  slowing  down  in  the  following  2  years.  Patenting 
activity  by  this  seven-c'ountry  group  accounts  for  about  65 
percent  of  all  families  in  this  technology  area. 

The  conventional  perception  of  Japan  as  an  innovator 
in  the  area  of  advanced  manufacturing  techniques  is 
reinforced  by  the  large  number  of  robot  inventions  for 
which  Japanese  firms  have  sought  international  patent 
protection.  Japan  led  all  other  countries  in  the  total  num¬ 
ber  of  international  patent  families  in  robot  technology 
created  during  the  entire  1980-90  period.  (See  figure  6-23 
and  appendix  table  6-22.)  Japan  held  39  percent  of  the 
3.264  international  patent  families  created  during  this 
decade,  followed  by  the  United  States  (23  percent).  West 
(lermany  (17  percent),  France  (12  percent),  and  Great 
Britain  (6  percent) . 

Rankings  for  Japan  and  the  United  States  change 
somewhat  when  the  total  number  of  foreign  applications 
associated  with  each  country’s  robot  technology  is  con¬ 
sidered.  Ivooking  at  the  entire  1981-90  period,  the  United 
States  ranks  slightly  ahead  of  Japan  (28  versus  27  per¬ 
cent),  but  the  United  States  overtakes  Japan  only  after 
f.s.  firms  doubled  their  foreign  patent  activity  in  robot 
technology  in  the  1986-90  period  compared  with  1981  to 
1985.  Japanese  firms  also  increased  their  foreign  patent 
activity  in  the  latter  half  of  the  decade,  but  not  to  the 
extent  recorded  for  the  United  States.  (See  text  table  6-4.) 

Data  were  also  compiled  for  the  fonner  East  Germany 
and  South  Korea.  While  East  Germany  showed  consider¬ 
able  domestic  patent  activity  involving  robot  technology, 
that  same  level  of  technological  activity  is  not  evident 
when  data  on  international  families  are  examined.  This 
may  reflect  their  isolation  from  trade  with  the  Western 
world.  Data  for  South  Korea  show  only  a  few  domestic 
patents,  and  South  Korean  companies  have  sought  inter¬ 
national  patent  protection  for  nearly  all  of  these  robot 
inventions.  This  indicates  a  high  interest  in  international 
commercialization  common  to  trade-based  economies  of 
newly  industrializing  countries  like  South  Korea. 

Highly  Cited  Inventions.  Japan  led  all  countries — and 
by  a  wide  margin — with  67.5  percent  (36  of  53)  of  all 
highly  cited  robot  technology  patents  ’'  generated  during 
the  1981-85  period.  France  (with  11.2  percent  of  the  high¬ 
ly  cited  patents).  West  Germany  (9.8  percent),  and  the 
United  States  (9.6  percent)  trailed  distantly.  (See 
appendix  table  6-23.)  Japan  and  France  each  had  about 
1.6  times  the  number  of  highly  cited  inventions  as  expect¬ 
ed  based  on  their  levels  of  activity  (i.e.,  their  total  num¬ 
bers  of  families).  (See  text  table  6-5.)  West  Germany,  the 
United  States,  and  Great  Britain  did  not  produce  the 


''()|XTationally.  llu'se  indudecl  all  families  with  priority  application 
dates  from  ’"St  to  IfIS.'j  with  five  or  more  citations,  and  those  with  pri¬ 
ority  a|)pli,  11  dates  from  IhHti  to  IhtM)  with  two  or  more  citations. 


Figure  6-23. 

Robot  technology:  Share  of  international  patent 
families,  by  priority  year  and  country 


1980 

N  =  117  inventions 


1985 

N  =  356  inventions 


1990 

N  =  298  inventions 

NOTES:  An  international  patent  family  is  created  when  patent 
protection  is  sought  outside  of  the  patenting  country.  German  data  are 
for  the  former  West  Germany  only. 
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Text  table  6-4. 

Robot  technology:  Total  number  of  foreign  patents,  by  priority  country 

1981-85  1986-90  1981-90 

Number  of  Country  Number  of  Country  Number  of  Country 


Priority  foreign  share  of  foreign  share  of  foreign  share  of 

Country  patents  total  patents  total  patents  total 


Total .  6,692  100.0  10.387  100.0  17.079  100.0 

United  States .  1,584  23.7  3,193  30.7  4,777  28.0 

Japan .  1,948  29.1  2.627  25.3  4,575  26.8 

West  Germany .  1,359  20.3  1925  18.5  3,284  19.2 

France .  1,059  15.8  1,890  18.2  2,949  17.3 

United  Kingdom .  696  10.4  664  6.4  1,360  8.0 

East  Germany .  46  0.7  56  0.5  102  0.6 

South  Korea .  0  0.0  32  0.3  32  0.2 


NOTE:  Patent  population  Is  estimated. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under  i 
the  National  Science  Foundation. 
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expected  number  of  highly  cited  inventions.  Specifically, 
West  Gennany  produced  only  80  percent  of  what  might 
be  expected  based  on  the  number  of  inventions  it  pro¬ 
duced  during  this  period,  and  the  United  States  and 
Great  Britain  produced  about  half  of  what  was  expected. 
Japan  and  France  thus  appear  to  have  contributed  a  dis¬ 
proportionate  number  of  important  robot  inventions  rela¬ 
tive  to  their  level  of  inventive  activity. 

In  the  1986-90  time  period,  the  United  States  caught 
up  with  Japan  in  terms  of  number  of  highly  cited  fami¬ 
lies:  Each  country  had  nearly  41  percent  of  highly  cited 
families  for  that  time.  Rankings  for  the  other  countries 
did  not  change  substantially.  Although  the  United  States 
and  Japan  each  had  the  same  share  of  highly  cited  fami¬ 
lies,  this  represented  a  much  larger  share  for  the  United 
States  when  adjusted  for  level  of  activity.  The  United 
States  had  twice  the  number  of  highly  cited  inventions 
as  would  be  expected  based  on  its  share  of  all  families, 
while  Japan  fell  short  (producing  90  percent  of  what  was 
expected).  This  suggests  that  even  though  Japan  had  a 
higher  number  of  robot  inventions,  O.s.  inventions  were 
more  technologically  important. 


Text  table  6-5. 

Robot  technology:  Citation  Index 


Priority  country 

1981-85 

Citation  ratio 

1986-90 

United  States  .... 

_  0.5 

2.1 

Japan . 

...  1.6 

0.9 

France . 

...  1.6 

1.2 

West  Germany  .  . . 

...  0.8 

0.6 

Great  Britain . 

...  0.4 

0.6 

East  Germany . 

...  0.0 

0.0 

South  Korea . 

...  0.0 

0.0 

NOTE:  The  citation  index  is  derived  from  the  priority  country's  share  of 
highly  cited  patent  families  divided  by  its  share  of  total  patent  families. 
See  appendix  table  6-23.  Science  i  Engineering  Indicators  -  1993 


Mean  International  Patent  Family  Size.  When 
mean  international  patent  family  size  is  calculated  for 
robot  technology,  France  and  Great  Britain  show  the 
highest  levels  of  perceived  commercial  value  based  on 
this  measure.  Those  robot  inventions  originating  in 
France  and  Great  Britain  for  which  patent  protection 
has  been  sought  in  at  least  one  other  country  have  a 
mean  patent  family  size  of  8., 5  and  7.9  countries,  respec¬ 
tively.  closely  followed  by  the  United  States  (7.4  coun¬ 
tries)  and  West  Germany  (6.9  countries).  Japan’s  and 
South  Korea's  international  robot  patent  families  tended 
to  be  much  smaller.  (See  text  table  6-6.) 

The  United  States  again  shows  surprising  strength  in 
this  indicator,  especially  in  light  of  the  fact  that  the  coun¬ 
tries  it  trails  are  all  located  in  Western  Europe  and  have 
many  commercial,  locational,  and  historical  ties  that  facili¬ 
tate  multiple-country  patenting.  The  move  toward 
European  unification  has  also  encouraged  wider  patenting 


Text  table  6-6. 

Robot  technology:  Number  of  International  patent 
families  and  average  family  size 


Number  of  Average 


Priority  country  families  family  size 


France .  435  8.5 

Great  Britain .  205  7.9 

United  States .  833  7.4 

West  Germany .  587  6.9 

Japan .  1 ,321  4.0 

South  Korea .  12  3.2 

East  Germany .  56  2.8 


NOTE:  Patent  family  size  is  determined  by  the  nubmer  of  countries  for 
which  patent  protection  is  sought  for  a  sirtgle  invention.  The  number  of 
international  families  in  this  table  is  not  the  same  as  in  appendbt  table  6- 
22  because  this  table  includes  all  robot  families  with  basic  patents  ptk>- 
lished  in  1981  through  mid-1993. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications. 
LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  FoundaUon. 
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v'ithin  Kiirope;  howt'vt'r.  this  inlliR'iice  is  probably  not 
yot  ivvoaled  fully  in  those  data.  ' 

Genetic  Engineering 

As  robot  technology  is  closely  identified  with  advanced 
manufacturing,  genetic  engineering  is  closely  identified 
with  the  broad  field  of  biotechnology.  For  this  study,  genetic 
engineering  is  defined  as  RIiN.-X  technology — or  more 
specifically,  as  the  formation  of  microbial  mutants  by 
KDN.A  techniques.  It  covers  processes  for  isolation,  prepa¬ 
ration.  and  purification  of  DNA  or  RNA,  DNA  or  RNA  frag¬ 
ments  and  modified  forms  thereof:  the  introduction  of 
foreign  genetic  material  using  vectors;  vectors;  use  of 
hosts:  and  expression.  As  used  here,  genetic  engineer¬ 
ing  excludes  monoclonal  antibody  technology.  ’■ 

International  Patenting  Activity.  Tlie  decade  of  the 
19b()s  really  marks  the  introduction  of  genetically  engi¬ 
neered  products  to  the  global  marketplace.  From  1980  to 
198.'),  the  number  of  international  patent  families  in  this 
field  increased  tenfold:  it  had  doubled  again  by  1989.  (See 
appendix  table  (>24.)  All  of  the  seven  countries  with  signif¬ 
icant  technological  activity  generally  followed  this  trend. 

The  United  States  is  widely  considered  the  global  leader 
in  the  field  of  biotechnology,  and  these  data  support  that 
perception.  The  United  States  is  the  priority  country 
(i.e.,  the  location  of  first  patent  application)  for  57  per¬ 
cent  of  the  internationally  patented  inventions  created 
during  the  1980-90  period.  Japan  follows  with  20  percent, 
the  United  Kingdom  with  9  percent,  and  West  Germany 
with  8  percent.  (See  figure  6-24.) 

WTien  the  total  number  of  foreign  applications  associ¬ 
ated  with  each  country’s  genetic  engineering  technology 
is  considered,  the  United  States  continues  to  lead  all 
other  countries  in  international  patenting  in  this  field. 
The  United  States  had  more  foreign  patents  than  the 
other  six  countries  combined,  accounting  for  nearly  60 
percent  of  the  27,000  foreign  patents.  Comparing  the 
1986-90  period  to  the  1981-85  period,  it  appears  that  sev¬ 
eral  other  countries  are  gaining  on  the  United  States. 
The  United  States  led  in  both  halves  of  the  decade,  fol¬ 
lowed  by  japan,  but  both  countries'  leads  declined  as 
West  German,  British,  and  French  foreign  patenting 
shares  in  this  field  grew  comparatively  more  rapidly. 
(See  text  fable  6-7.) 

Highly  Cited  Inventions.  The  United  States,  with  50 
percent  of  the  total  patent  families  recorded  during  the 
1981-85  period,  had  the  largest  proportion  of  highly  cited 


Since  patent  applications  tnay  take  up  to  IS  months  before  publica¬ 
tion.  patentinK  activity  data  for  the  years  after  IWH)  are  available  but 
incomplete. 

The  trends  discussed  for  genetic  engineering  technology  are 
based  on  the  |)opulation  of  t.ifS.')  genetic  engineering  patent  records  in 
the  World  Patents  Index  l.atest  database,  with  priority  applications  in 
the  seven  countries  under  stirdy  and  basic  patent  publications  from 
ItlSl  to  earb-  KKi:!,  These  seven  countries  accounted  for  about  8.').4 
percent  of  genetic  engitteering  i)atent  families. 


Figure  6-24. 

Genetic  engineering:  Share  of  international  patent 
families,  by  priority  year  and  country 


1980 

N  =  25  inventions 


France  -  2% 


1985 

N  =  229  inventions 


France  -  5% 


1990 

N  =  441  inventions 


NOTES:  An  international  patent  family  is  created  when  patent  protection 
is  sought  outside  of  the  patenting  country.  German  data  are  for  the 
former  West  Germany  only. 
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Text  table  6-7. 

Genetic  engineering:  Totai  number  of  foreign  patents,  by  priority  country 

1981-85  1986-90  1981-90 

Number  of  Country  Number  of  Country  Number  of  Country 


Priority  foreign  share  of  foreign  share  of  foreign  share  of 

Country  patents  total  patents  total  patents  total 


Total .  7.968  100  0  19,463  100.0  27,431  100.0 

United  States .  5,181  65.0  11.159  57.3  16,340  59.6 

Japan .  1.344  16.9  2.885  14.8  4,229  15.4 

West  Germany .  599  7.5  2,268  11.7  2,867  10.5 

United  Kingdom .  673  8.4  2,063  10.6  2,736  10.0 

France .  155  1.9  1,026  5.3  1,181  4.3 

South  Korea .  0  0.0  44  0,2  44  0.2 

East  Germany .  16  0.2  18  0.1  34  0.1 


NOTE:  Patent  population  is  est  mated. 

SOURCE;  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under  contract  to 
the  National  Science  Foundation. 
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patfiit  fainilics — 7;!  ix-ra'iit.  or  8  of  tlio  1 1  such  families 
idoiitilK'd.  '  (St'i'  text  table  (>-8  and  apiu'iidix  talile  (5-2.').) 
With  ;5()  pera'iit  of  the  total  families,  Japan  bad  just  2  (18 
percent)  that  were  hi,iihly  cited,  (ireat  Britain  was  the 
only  otlu'f  connti7  with  any  patent  families  considered 
bijrhiy  cited — 1;  it  had  fewer  than  (5  (lercent  of  the  total 
patent  families  in  this  field. 

In  the  i;)8(i-9()  time  period,  both  the  mimher  of  new 
genetic  (Mij^ineerinjr  inventions  (patent  families)  and  the 
mimher  of  technically  important  patent  families  were 
nearly  three  times  that  recorded  during  the  earlier  period. 
Japan  (with  1.217  families)  moved  ahead  of  the  United 
States  (with  1.12.'))  in  tenns  of  total  number  of  iiatenl  fami- 
li(‘s:  however,  the  United  .States  continues  to  produce  (he 
most  hijrlily  cited  (latent  families  in  this  technolojry  field. 
In  fact,  the  United  States  accounti'd  for  22  of  the  2.')  hijihly 
cited  [latt'iit  families  filed  during;  the  later  (leriod,  and  had 
1.8  times  as  many  highly  cited  (latent  families  as  ex(H‘cted 
based  on  its  level  of  activity,  (ireat  Britain,  with  far  fewer 


'OpcratiiMially.  tills  iiu'liulcd  all  lainilit's  with  pnorily  apiilicalion 
dates  iViim  1‘l.sl  In  IdS,')  with  11’  or  more  eilalioiis,  and  those  with  prior¬ 
ity  appliealion  dates  Ironi  Kl.Sli  to  10(1(1  with  (i  or  more  eilalions. 


Text  table  6-8. 

Genetic  engineering:  Citation  index 


Citation  ratio 

Priority  country  1981-85  1986-90 


Great  Britain .  1.7  2.3 

United  States .  1.4  1 .8 

France .  0.0  2.5 

Japan .  0.5  0.4 

West  Germany .  0.0  0.0 

East  Gennany .  0.0  0.0 

South  Korea .  0.0  0.0 


NOTE:  The  citation  Index  Is  derived  from  the  priority  country's  share  of 
highly  cited  patent  families  divided  by  Its  share  of  total  patent  families. 
See  appendix  table  6-25.  Science  S  Engineering  Indicators  -  1993 


(jutent  families  than  either  Ja()an  or  the  United  States,  (tro- 
duced  2.2  times  (he  mimher  of  hijihly  cited  (latent  families 
as  ex()ected  based  on  its  level  of  activity. 

I)es()ite  the  larjfe  jnm()  in  new  yii-netic  enjrineerinn  tech- 
nolojfies  ori.tiinatinjr  in  Ja()an.  the  United  States  a()ix'ars  to 
lead  (he  other  countries  in  tenns  of  the  technolojniTtl  merit 
of  the  work  hein.u  doiu’.  hiised  on  this  indicator.  Work  done 
in  (ireat  Britain  has  not  (xodneed  the  same  number  of 
()atentc'd  inventions  as  in  Jaiian  or  thi'  Uniti'd  States,  hut  this 
work  does  at)(X‘ar  to  reiirest’iit  imix)i1ant  advancements. 

Mean  International  Patent  Family  Size.  I’atc  iiti'd  .Lx-ne- 
tic enjjineerin))  inventions develo(X‘d  in  Western  Kuro(X'  and 
the  United  Slates  a()(X'ar  to  he  (he  most  comnx'rcially  valu¬ 
able  based  upon  this  nu’asure.  This  indicator  identifii’d 
|)alented  invi'iitions  orijfinatinj;  in  W\‘St  (lennany  as  havinjr 
the  hinhesl  commercial  (X)tential  based  on  com|)arison  of  the 
mean  size  of  inleniational  (latent  families  for  this  technoloKy. 
(Six’  text  table  (5-0.)  W’est  (ii’nniin  inteniational  (latents  havi-. 


Text  table  6-9. 

Genetic  engineering:  Number  of  international  patent 
families  and  average  family  size 

Number  of  Average 


Priority  country  families  family  size 


West  Germany .  209  15.5 

France .  103  13.1 

Great  Britain .  251  12.8 

United  States .  1,492  12.0 

Japan .  526  9.4 

South  Korea .  6  8.2 

East  Germany .  6  6.7 


NOTE:  Patent  family  size  Is  determined  by  the  nubmer  of  countries  for 
which  patent  protection  Is  sought  for  a  single  Invention.  The  number  of 
International  families  In  this  table  Is  not  the  same  as  In  appertdix  table 
6-22  because  this  table  Includes  all  robot  families  with  basic  patents 
published  In  1981  through  mld-1993. 

SOURCE:  World  Patents  Index  database  (London:  Derwent 
Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis 
Associates  under  contract  to  the  National  Science  Foundation. 
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on  averajje,  sought  patent  protivtion  in  15  countries;  French 
and  British  origin  international  patents  have  sought  patent 
protection  in  13  countries.  Patented  genetic  engineering 
inventions  originating  in  the  I  /nit«i  States  rank  fourth  in  ptT- 
ceived  commercial  exploitation  potential.  Inventions  originat¬ 
ing  in  Japan,  South  Korea,  and  East  (lemiany  trailed  the 
United  States  bast'd  on  this  measure. 

Optical  Fibers 

National  technological  positions  in  the  broad  and  amor¬ 
phous  field  of  information  technology  have  here  been 
assessed  through  an  examination  of  international  patent¬ 
ing  activity  of  optical  fiber  technology.  Optical  fibers  are 
flexible,  transparent  fibers,  usually  made  of  extremely 
pure  glass,  and  designed  and  manufactured  to  guide  rays 
of  light.  Optical  fibers  have  a  greater  infonnation-carrying 
capacity  than  copper  wire:  communications  companies — 
anticipating  future  infomiation  demands — are  increasing¬ 
ly  replacing  their  copper  wire  transmission  lines  with 
new  lines  made  of  optical  fiber.  For  this  study,  optical 
fibers  were  defined  to  include  plastic  fibers,  optical  fiber 
bundles,  optical  prefonns,  and  integrated  optical  waveg¬ 
uides.  The  definition  excludes  optical  fiber  cables  and 
connectors,  light  sources  and  receivers,  couplers,  ampli¬ 
fiers,  repeaters,  and  switches.  The  seven  countries  ana¬ 
lyzed  account  for  approximately  94.6  percent  of  total 
patent  activity  by  all  countries  in  this  technology.  ” 

International  Patenting  Activity.  During  the  198090 
period,  the  seven  countries  analyzed  generated  a  total  of 
1,872  international  patent  families  in  the  field  of  optical 
fibers.  The  formation  of  international  patent  families 
increased  nearly  every  year  during  the  1980s  (there  was 
a  slight  decrease  in  number  in  1989  compared  to  1988), 
reaching  a  period  high  of  261  international  patent  fami¬ 
lies  formed  in  1990. 

Japan  and  the  United  States  led  all  other  nations  in  the 
formation  of  international  patent  families  involving  optical 
fiber  technology.  Japan  surpassed  the  United  States  in 
1981  and  led  the  seven-nation  group  thereafter.  (See 
appendix  table  6-26.)  Japan  held  36  percent  of  the  total 
(with  684  international  families)  families  formed  over  the 
period  studied:  the  United  States  held  30  percent  (559 
international  families).  West  Clermany.  Oreat  Britain,  and 
France  trailed  with  17, 9,  and  7  percent  of  the  total,  respec¬ 
tively.  East  Germany  and  South  Korea  had  comparatively 


Ttie  Iretuls  discussed  for  optical  fiber  technolojiy  are  estimates 
based  on  a  sample  of  4.9:tO  patent  records  drawn  from  the  population  of 
7,848  optical  fiber  patent  records  in  the  World  Patents  Index  I.atest 
database  with  priority  applications  in  the  seven  countries  under  study 
and  basic  patent  publications  from  1981  to  early  199:i.  Ttie  4.930  patent 
records  include  the  entire  population  of  optical  fiber  patent  families 
with  priority  applications  in  the  United  States,  West  (lermany.  Hast 
(iermany.  (Ireat  Britain,  l-'rance.  and  South  Korea:  and  a  43-percent 
sample  of  the  patent  families  with  a  priority  application  in  Japan. 
Therefore,  data  presented  for  Japan  are  estimates,  while  data  presented 
for  the  othe--  ■  countries  are  tnie  ijopulation  figures. 

'  IhlK)  is  I  ast  year  for  which  complete  data  are  available. 


Figure  6-25. 

Optical  fiber  technology:  Share  of  international 
p^nt  families,  by  priority  year  and  country 


1980 

N  =  61  Inventions 


1985 

N  =  135  inventions 


1990 

N  =  261  inventions 


NOTES:  An  international  patent  family  is  created  when  patent 
protection  is  sought  outside  of  the  patenting  country.  German  data 
are  for  the  former  Vifest  Germany  only. 

See  appendix  table  6-26.  Science  S  Engineering  Indicalors  -  1993 


184  * 


Chapter  6  Technology  Development  and  Comjjetitiveness 


Text  table  6-10. 

Optical  fiber  technology:  Total  number  of  foreign  patenta,  by  priority  country 


_ 1981-85 _  _ 1986-90 _  _ 1981-90 

Number  of  Courttry  Number  of  Country  Number  of  Country 


Priority  foreign  share  of  foreign  share  of  foreign  share  of 

Country  patents  total  patents  total  patents  total 


Total .  4,063  100.1  7,527  100.0  11,590  99.9 

United  States .  1,457  35.9  2,555  33.9  4,012  34.6 

Japan .  1,228  30.2  1,796  23.9  3,024  26.1 

West  Germany .  673  16.6  1,485  19.7  2,158  18.6 

United  Kingdom .  454  11.2  1,023  13.6  1,477  12.7 

France .  230  5.7  654  8.7  884  7.6 

South  Korea .  20  0.5  5  0.1  25  0.2 

East  Germany .  1  0.0  9  0.1  10  0.1 


NOTE:  Patent  population  estimated. 


SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under  contract  to 
the  National  Science  Foundation.  _  .  .  .  „„„ 
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insignificant  numbers  of  international  patent  families  in 
this  technology'.  (See  figure  t>25.) 

Wlien  the  total  number  of  foreign  applications  associ¬ 
ated  with  each  country's  optical  fiber  technology  is  con- 
sidtTed.  the  United  States  and  Japan  switch  places,  and 
the  United  States  becomes  the  leader  in  terms  of  total 
numbers  of  foreign  patents  sought  for  optical  fiber  tech¬ 
nology.  Out  of  a  total  of  4,063  optical  fiber  foreign 
patents  generated  from  priority  applications  filed  by  the 
seven  countries  under  study  during  the  1981-85  period, 
the  United  States  generated  36  percent  (1,457  patents)  of 
the  total,  and  Japan  generated  30  percent  (1,228 
patents).  In  the  second  half  of  the  decade,  the  United 
States  improved  on  its  lead  over  Japan.  However,  the 
Western  European  nations  showed  the  greatest  growth 
in  foreign  patenting,  gaining  on  both  the  United  States 
and  Japan.  (See  text  table  6-10.) 

Highly  Cited  Inventions.  During  the  1981-85  period, 
the  seven  countries  together  created  2,043  optical  fiber 
patent  families,  of  which  22  were  highly  cited. Japan 
generated  the  greatest  number  of  patent  families  in  this 
technology  area  during  this  period  and  also  had  the 
greatest  number  of  highly  cited  inventions — 12  (or  54 
percent  of  all  highly  cited  patent  families).  Yet,  when 
each  country's  number  of  highly  cited  patent  families  is 
normalized  by  calculating  its  citation  ratio,  the  United 
States  leads  all  seven  nations.  The  United  States  had  a 
citation  ratio  of  2.0,  or  two  times  as  many  highly  cited 
patent  families  than  would  be  expected  given  its  share  of 
total  families  during  this  period.  Japan’s  citation  ratio,  0.9, 
suggests  that  the  12  highly  cited  families  produced  by 
Japan  during  this  period  were  slightly  below  expecta¬ 
tions.  given  the  total  number  of  patent  families  generated 
by  Japan,  (ireat  Britain  had  only  one  highly  cited  family. 


Opt-ralionally.  these  included  all  families  with  priority  application 
dates  Ire-  IPSl  to  IhS.')  with  ei^ht  or  more  citations,  and  those  with  pri¬ 
ority  ap,  lion  dales  from  11)S6  to  191K)  with  three  or  more  citations. 


but  meets  expectations  in  this  indicator  with  a  citation 
ratio  of  1.0.  (See  text  table  6-1 1  and  appendbc  table  6-27.) 

In  the  1986-90  time  period,  the  number  of  optical 
fiber  inventions  (patent  families)  doubled,  and  the  num¬ 
ber  of  technically  important  patent  families  were  over 
three  times  that  recorded  during  the  earlier  period. 
Japan  accounted  for  nearly  69  percent  of  the  patent 
families  generated  in  this  period,  but  again  did  not  pro¬ 
duce  the  expected  number  of  highly  cited  families  out 
of  this  total.  It  ended  up  with  a  citation  ratio  of  only  0.5. 
With  a  citation  ratio  of  2.6,  the  United  States  once  again 
shows  high  productivity  of  technically  important  optical 
fiber  inventions. 

Several  European  countries  showed  greater  productiv¬ 
ity  of  technically  important  optical  fiber  inventions  in  the 
late  1980s.  Great  Britain  stands  out  in  this  later  period, 
with  a  citation  ratio  of  3.5,  the  highest  among  the  seven 
countries.  France,  with  a  citation  ratio  of  2.9  during  this 
period,  also  greatly  exceeds  expectations,  producing 
nearly  three  times  the  number  of  highly  cited  families 
expected  from  its  total  number  of  optical  fiber  inventions 
patented  during  this  period. 


Text  table  6-11. 

Optical  fiber  technology:  Citation  index 


Citation  ratio 

Pribrity  country  1981-85  1986-90 


United  States .  2.1  2.6 

Japan .  0.8  0.5 

Great  Britain .  1.0  3.5 

France .  0.0  2.9 

West  Germany .  0.5  1.1 

East  Germany .  0.0  0.0 

South  Korea .  0.0  0.0 


NOTE:  The  citation  index  is  derived  from  the  priority  country's  share  of 
highly  cited  patent  families  divided  by  its  share  of  total  patent  families. 

See  appendix  table  6-27.  Science  4  Engineering  Indicators  -  1993 
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Text  table  6-12. 

Optical  fiber  tachnology:  Number  of  International 
patent  familiea  and  average  family  size 


Priority  courttry 

Number  of 
famiiies 

Average 
family  size 

Great  Britain  .... 

174 

10.0 

United  States. . . . 

. . .  634 

8.0 

France . 

154 

7.9 

West  Germany. . . 

.  . .  351 

7.8 

Japan  . 

.  .  .  734 

5.2 

South  Korea  .... 

6 

4.8 

East  Germany  . . . 

10 

2.0 

NOTE:  Patent  family  size  is  detenninad  by  the  nUxTier  of  countries  for 
which  pafent  protecfion  is  sought  for  a  single  invention.  The  number  of 
international  families  in  this  table  is  not  the  sante  as  in  appendix  table 
6-26  because  this  table  includes  aU  optical  fiber  families  with  basic 
patents  published  in  1981  through  mid-1993. 

SOURCE:  World  Patents  Index  database  (LorKfon:  Oerwent 
Publications,  LTD),  special  tabulations  by  Mogee  Research  &  Analysis 
Associates  under  contract  to  the  National  SdwKe  Foundation. 
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Mean  International  Patent  Family  Size.  Based  on 
mean  international  family  size,  the  optical  fiber  inventions 
with  the  hiffhest  perceived  foreign  market  potential  were 
produced  in  Great  Britain.  Patent  protection  for  these 
British-origin  optical  fiber  inventions  has  been  sought  in, 
on  average,  10  foreign  countries.  This  compares  to  an  aver¬ 
age  international  patent  family  size  of  about  eight  countries 
for  the  United  States,  France,  and  West  Germany  (8.0, 7.9, 
and  7.8  countries  on  average,  respectively). 

Optical  fiber  inventions  developed  in  Japan  for  which 
firms  sought  patent  protection  in  at  least  one  other  coun¬ 
try,  on  average,  have  an  international  patent  family  size  of 
just  5.2  countries.  (See  text  table  6-12.)  The  optical  fiber 
inventions  from  South  Korea  cmd  East  Germany  had  even 
less  perceived  potential  in  foreign  markets,  with  average 
international  family  sizes  of  just  4.8  and  2.0,  respectively. 


Small  Business  and  High  Technology 

Many  of  the  new  technologies  and  industries  seen  as 
critical  to  the  Nation’s  future  economic  growth  are  close¬ 
ly  identified  with  small  business.  For  example,  biotech¬ 
nology  and  computer  software  are  industries  built 
around  new  technologies  that  were‘largely  commercial¬ 
ized  by  small  business.^  Small  business  retains  certain 
advantages  over  large  businesses  in  commercial  environ¬ 
ments  characterized  by  fast-moving  technologies  and 
rapidly  changing  consumer  needs.  A  keen  receptivity  to 
new  product  ideas  found  outside  their  own  operations 
characterizes  this  efficiency  (see  Hanson  1991).  Small 
businesses  supplement  internal  product  development 


'^"The  rol'  ■'  small  business  as  a  commercializer  of  new  technolo¬ 
gies  is  son.  nat  unique  to  the  United  States.  See  Mowery  and 
Rosenberg  (1993). 


with  new  product  ideas  drawn  from  dealings  with  cus¬ 
tomers,  suppliers,  government  labs,  universities,  and 
others  to  ensure  useful  innovations.  These  attributes 
make  small  business  a  key  sector  to  watch  as  the  Nation 
seeks  to  stimulate  the  development,  adoption,  and  diffu¬ 
sion  of  new  technologies.^^ 

This  section  presents  information  on  new  company  for¬ 
mation  in  the  United  States  and  foreign  ownership  of  new 
high-tech  companies.*^'  The  discussion  focuses  on  compa¬ 
nies  active  in  the  following  eight  technology  fields: 

♦  automation, 

♦  biotechnology, 

♦  computer  hardware, 

♦  advanced  materials, 

♦  photonics  and  optics, 

♦  software, 

♦  electronic  components,  and 

♦  telecommunications. 

These  fields  encompass  many  of  the  technologies  con¬ 
sidered  critical  to  the  country’s  future  economic  compet¬ 
itiveness  (National  Critical  Technologies  Panel  1993). 

Trends  in  New  U.S.  High-Tech  Business 
Startups 

The  rapid  formation  of  new  high-tech  companies 
observed  during  the  second  half  of  the  1970s  and  the 
early  1980s  was  followed  by  a  sharp  decline  in  such  forma¬ 
tions  in  the  late  eighties.  (See  appendix  table  6-28.)  That 
declining  trend  appears  to  be  continuing  into  the  early 
1990s  with  the  number  of  annual  company  formations 
averaging  only  about  one-third  of  that  seen  in  the  slower 
second  half  of  the  1980s.  Still,  nearly  half  of  all  U.S.  high- 
tech  companies  operating  in  1993  were  formed  in  just  the 
last  14  years.  That  proportion  is  even  higher  (around  60 


™In  a  1982  study  done  for  the  Small  Business  Administration  com¬ 
paring  innovation  between  small  and  large  firms,  it  was  found  that 
small  firms  produced  2.4  times  as  many  innovations  per  employee  as 
did  large  firms.  See  Futures  Group  (i984)  and  Hanson.  Stein,  and 
Moore  (1984). 

"’Information  in  this  section  is  derived  from  the  CorpTech  database, 
owned  by  Corporate  Technology  Information  Services,  Inc.  The 
CorpTech  database  permits  an  inspection  of  small  business  entities  by 
technology  field.  This  database  includes  many  of  the  new  startups  and 
private  companies  often  missed  by  other  databases  and  is  one  of  the 
most  current  sources  of  information  on  small  newly  formed  companies 
active  in  high-tech  fields.  Hie  database  attempts  to  be  all-inclusive:  by 
CorpTech’s  own  estimate,  it  includes  99  percent  of  large  companies 
(over  1,000  employees),  7.5  percent  of  medium-sized  companies  with 
250  to  l.fXK)  employees,  and  65  percent  of  companies  with  less  than 
250  employees.  When  prospective  companies  for  inclusion  in  the 
database  are  identified,  they  are  sent  questionnaires  covering  their 
size;  status  (private  or  public,  independent,  subsidiary',  or  joint  ven¬ 
ture);  year  formed;  and  product  groups  in  which  they  are  active.  The 
version  of  the  database  used  here  (Rev.  8.2  1993)  includes  about 
3.5,(X)0  independently  managed  companies. 
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percent)  for  computer-related  companies  and  for  compa¬ 
nies  whose  main  business  involves  biotechnology. 

Technologically,  the  1980s  mark  the  decade  of  the  com¬ 
puter  and  its  rapid  integration  into  America’s  daily  life.  By 
the  mid-eighties,  it  was  hard  to  find  a  modem  office  that 
did  not  use  a  personal  computer  (I’C),  a  new  car  that  did 
not  include  computerized  functions,  or  a  child  that  did  not 
have  access  to  a  PC  in  elementary  school.  The  trends  in 
new  company  formations  among  the  various  fields  of  tech¬ 
nology  reflect  this  revolution.  For  example,  about  half  of 
the  new  high-tech  businesses  formed  since  1980  were 
computer-related  companies.  Among  these,  software  com¬ 
panies  accounted  for  the  largest  number. 

The  number  of  new  software  companies  stands  out  not 
just  in  the  computer-related  category  but  also  when  com¬ 
pared  to  all  other  technology  fields.  According  to  the 
CorpTech  database,  software  development  and/or  servic¬ 
ing  is  the  primary  business  for  34  percent  of  the  10,000 
new  high-tech  companies  formed  since  1980  and  in  exis¬ 
tence  in  1993.  However,  the  large  number  of  new  software 
companies  started  in  the  early  1980s  (1980-84)  was  not 
duplicated  in  the  second  half  of  the  decade,  with  the  num¬ 
ber  of  new  software  startups  dropping  nearly  45  percent. 
Thus  far  in  the  1990s,  software  technology  continues  to 
create  the  greatest  number  of  small  business  startups 


Figure  6-26. 

High-tech  business  formation,  by  technology 


PTctiteg*  of  all  MgMocIi  companlM 
formod  liuring  oacli  poriod 

NOTE'  ''^ta  reflect  information  collected  through  July  1993. 
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among  the  eight  technology  fields  examined,  but  not  at 
the  pace  set  during  the  previous  decade.  (See  figure  6-26.) 

Other  technology  fields  that  exhibited  relative  share 
growth  in  the  early  1990s  are  companies  in  the  biotech¬ 
nology.  advanced  materials,  and  photonics  and  optics 
fields.  Biotechnology  was  the  only  technology'  field  that 
exhibited  produced  steady  relative  share  growth  during 
the  1980s  and  into  the  early  1990s. 

Foreign  Ownership  of  U.S.  High-Tech  Companies 

Fewer  than  7  percent  of  the  23,000  new  high-tech 
companies  listed  in  the  CorpTech  database  were  under 
foreign  ownership  in  1993.  (See  appendix  table  6-29.) 
The  United  Kingdom  has  the  largest  t’.s.  presence,  fol¬ 
lowed  by  Japan  and  Germany.  Although  these  three 
countries  own  companies  active  in  each  of  the  eight 
technology  fields  examined,  they  each  tend  to  be  drawn 
to  certain  fields.  The  United  Kingdom  and  Germany  tend 
to  own  li.S.  companies  involved  in  the  development  of 
advanced  materials,  and  Japan  tends  to  own  telecommu¬ 
nications  and  computer  hardware  companies. 

Compared  with  the  major  industrialized  countries. 
Taiwan  and  South  Korea  own  relatively  few  u.s.  high-tech 
companies.  Taiwan’s  acquisitions  are  in  two  fields — com¬ 
puter  hardware  and  telecommunications.  South  Korea 
also  owns  companies  in  these  fields,  but  its  largest  con¬ 
centration  of  acquisitions  are  in  the  biotechnology  field. 

New  High-Tech  Competitors " 

The  previous  sections  identified  several  nations  that 
have  made  tremendous  technological  leaps  forward  over 
the  past  decade.  Whether  these  countries  will  play  even 
more  important  roles  in  technology  development  in  the 
near  future  remains  to  be  seen,  but  several  Asian  econ¬ 
omies  appear  to  be  well-positioned  for  just  such  roles. 
Their  large  and  continuing  investments  in  science  and 
engineering  education  and  R&D  resources  and  inft'astruc- 
ture  provide  a  foundation  on  which  to  build  their  position 
in  many  high-tech  areas.*^- 

This  section  attempts  to  assess  the  future  national 
competitiveness  in  high-tech  industries  of  eight  Asian 
economies:  the  four  newly  industrialized  economies — 
Hong  Kong,  Singapore,  South  Korea,  and  Taiwan — and 


'^'This  section  presents  early  results  of  research  sponsored  by  the 
National  Sicience  Foundation  aimed  at  developing  new  indicators  of 
national  technological  competitiveness.  These  indicators  have  under¬ 
gone  extensive  validity  and  reliability  testing  that  supports  their  use  as 
a  tool  for  both  policy  analysis  and  research.  See  Roessner.  Porter,  and 
Xu  (1992).  The  present  discussion  focuses  on  several  Asian  economies 
whose  rapid  growth  or  potential  to  make  important  contributions  in 
S&T  areas  has  attracted  the  attention  of  the  industrialized  world.  Data 
assessing  the  high-tech  potential  of  countries  in  other  important 
regions  are  being  collected  in  order  to  provide  more  comprehensive 
assessments  of  technological  competitiveness  in  future  Science  & 
Engineering  Indicators  reports. 

’^-See  chapter  2.  "Asian  Students  in  U.S.  Universities."  and  SRS 
(1993). 
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Leading  Indicators  of  National  Competitiveness 


The  model  used  to  develop  the  competitiveness  pro¬ 
jections  discussed  in  this  section  combines  various 
quantitative  data  with  expert-derived  measures  to  pro¬ 
duce  the  following  four  leading  indicator  areas. 

♦  National  commitment:  evidence  that  a  nation  is 
taking  directed  action  to  achieve  technological 
competitiveness. 

♦  Socioeconomic  infrastructure:  ihe  social  and  eco¬ 
nomic  institutions  that  support  and  maintain  the 
physical,  human,  organizational,  and  economic 
resources  essential  to  the  functioning  of  a  mod¬ 
em,  technology-based  industrial  nation. 

♦  Technological  infrastructure:  the  social  and  eco¬ 
nomic  institutions  that  contribute  directly  to  a 


nation’s  capacity  to  develop,  produce,  and  market 
new  technology. 

♦  Productive  capacity:  the  physical  and  human 
resources  devoted  to  manufacturing  products,  and 
the  efficiency  with  which  those  resources  are  used. 

Tliese  indicators  have  been  the  subject  of  several 
research  projects  conducted  in  three  phases  over  5 
years.  Phase  I  sought  to  identity  a  set  of  composite  indi¬ 
cators  that  could  be  used  to  assess  current  and  future 
national  competitiveness  in  technology-based  product 
markets;  phase  II  focused  on  expanding  country  cover¬ 
age  and  testing  the  indicators;  and  phase  III,  now  under 
way.  entails  further  model  refinement  and  testing.  For 
further  details  on  this  research  and  on  indicator  con¬ 
struction,  see  Porter  and  Roessner  (1991). 


four  countries  viewed  as  emerging  Asian  economies 
(HAKs) — China.  India,  Indonesia,  and  Malaysia.  This 
competitiveness  is  gauged  through  scores  in  lour  lead¬ 
ing  indicator  areas — national  commitment,  socioeconom¬ 
ic  infrastructure,  technological  infrastructure,  and  pro¬ 
ductive  capacity.'"''  (See  figure  (>27.)  These  indicators 
were  designed  to  identify  those  countries  with  the  poten¬ 
tial  of  becoming  more  important  exiiorters  of  high-tech¬ 
nology  products  over  the  next  1.')  years.  A  more  thor¬ 
ough  discussion  of  the  indicators  and  projection  model 
used  in  this  analysis  is  provided  in  “Ix-ading  Indicators  of 
National  Competitiveness.""' 

National  Commitment 

The  national  commitment  indicator  attempts  to  identify 
those  nations  whose  business,  government,  and  cultural 
orientation  encourages  high-technology  development.  This 
indicator  was  constructed  using  infonnation  from  a  survey 
of  international  experts' ”  and  published  data.  The  survey 


'  These  four  indiealors  were  used  by  or.\  (IhhJ)  to  examine 
■Mexico's  teehnol(),t;ieal  capacity. 

"'  nie  scores  discussed  in  this  section  are  extracted  from  Koessner 
(til!l2).  This  report  calculated  standard  scores  based  on  data  lor  10 
economies:  China.  Honj;  Konj^.  India.  Indonesia.  Malaysia.  Ihe 
I'hili|)pines.  .SiiiRapore.  -South  Korea.  Taiwan,  and  niailand.  "Th<-  stir- 
vvy  instnnnent  consisti'd  of  to  closed-ended  (|uestions  with  res|)onses 
on  a  five-point  scale.  Tlie  instriimeni  was  sent  to  a  sample  of  country 
experts  in  April  IftfM).  Kxperts  were  selected  because  of  their  knowl- 
edfie  of  the  technolo}^'  policies  tind  socioeconomic  conditions  in  [ihe! 
countries  studied....  Occasional  hij;h  variance  in  responses  to  individ¬ 
ual  survey  items  were  tttrribulable  to  niter  inconsistencies  rather  than 
to  inherent  uncertainly  about  a  nation's  status,  (ienerally.  the  sum-y 
items  discriminated  well  amonK  countries,  and  the  median  standard 
deviation  of  responses  to  individual  questions  within  countries  was 
less  than  one  on  a  five-point  scale." 

■"nie  survey  instrument  consisted  of  l.o  closed-ended  questions  with 
responses  on  a  1-point  scale,  'Hie  insinnneni  was  sent  to  ;i  sample  of 
country  ex|  in  .Apr"  IfthO;  these  experts  were  selected  htised  on 
their  knowli  of  the  lechnolo),w  policies  and  socioeconomic  conili- 
tions  in  till'  countries  studied.  Occasioiuil  hijih  variance  in  responses  to 


asked  the  experts  to  rate  national  strategies  that  promote 
high-teeh  tk-velopment,  social  inlliiences  favoring  tcrhno- 
logical  change,  and  enlrepreneuritil  spirit.  Hie  published 
data  were  list'd  to  nite  each  nation's  risk  Itictor  for  foreign 
invt'stmenl  ovt'r  the  next  years  (l-'rost  and  SullivcUi  1987 
and  1989). 

'Hie  four  Asian  Nllis  rt'ct'ivt'd  very  close  ratings  on  this 
indicator.  (St'e  figure  (>27.)  Howt'ver.  expt'rts'  higher  rat¬ 
ings  for  Hong  Kong’s  cultural  and  social  attitudes  about 
new  technology'  and  its  strong  entrepreneurial  siiirit  ele¬ 
vated  that  economy’s  composite  score  over  the  other  Mbs. 
(See  appendix  table  (>-2(),) 

Three  of  the  four  emerging  .Asian  economies  (China. 
India,  Indonesia)  scored  quite  low  relative  to  other  nations 
on  this  indicator,  fheir  scores  wt-re  brought  down  by 
exix'rts’  comparatively  low  judgiiK'nts  of  their  cultural  and 
social  attitudes  toward  new  technology  and  entreijreneur- 
ship.  China  had  the  lowest  overall  score  of  the  three,  a  result 
of  being  judged  to  have  the  highest  investment  risk  and  the 
lowest  predisixfsition  for  innovative  action  and  risk-taking. 

According  to  this  indicator,  Malaysia  leads  the  other 
i;,AKs  in  its  national  commitment  toward  achieving  tech¬ 
nological  competitiveness.  Malaysia’s  scores  were  con¬ 
sistently  and  significantly  higher  than  those  of  the  other 
i:AI:s  across  the  full  range  of  variables  considered  for 
(his  indicator.  Nevertheless,  Malaysia’s  scores  wete  still 
well  below  those  for  the  more  advanced  Asian  Mi:s. 

Socioeconomic  Infrastructure 

'lliis  indicator  assesses  the  underlying  physical,  finan¬ 
cial,  and  human  resources  needed  to  support  high-tech 

in(livi(lu:il  survey  items  were  atlributtihle  lu  rater  im  oiisisleiu  ies  rather 
than  to  inherent  uneertainty  about  a  nation's  status,  (ienerally,  the  sur¬ 
vey  items  (liserimintileil  well  ;imon,i;  eouniries,  tind  the  median  sltm- 
dard  deviation  of  res))onses  to  individu.il  questions  within  eouniries  was 
less  th.an  1  on  the  .'i-point  scale  iKoessni’r.  Torter,  and  Xu 
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(k'velopiiifiit.  It  was  built  Iroin  published  data  on  ix*ivt*ni- 
ot  population  in  soiondary  school  and  hijTlici  educa¬ 
tion"''  and  survey  data  evaluating  the  mobility  ot  cai)it;il 
and  the  extent  to  which  foreiy;n  businesses  are  encour¬ 
aged  to  invest  and/or  do  business  in  each  countiv’. 

The  data  ajjain  show  a  cletir  separation  betwrx'n  the 
NIKS  and  KAKs.  (See  figure  (>27.)  i^lthoufth  Ml  scores  lor 
this  leading  indicator  are  tightly  bunched.  Taiwan 
rcN-eived  the  highest  scoiv  on  the  basis  of  its  strong  track 
record  for  general  education.  Hong  Kong  scored  high  on 
those  variables  comparing  mobility  of  capital  and  encour¬ 
agement  of  foreign  investment. 

Among  the  l-:.Ai:s.  Malaysia  was  rated  highest,  based  on 
the  underlying  physical,  financial,  mid  human  resources  it 
has  to  support  tc'chnology  developnitmt.  Malaysia's  score 
was  bolstered  by  a  stronger  showing  in  both  published  edu¬ 
cation  data  and  the  expt*rts'  opinions  of  Malaysia’s  physical 
and  financial  resources.  Inrlia  had  the  lowest  ovenill  score; 
it  was  held  back  by  a  poor  rating  on  tlu-  variable  comparing 
the  t  icouragement  of  foreign  business  and  invt'stment. 

Technological  Infrastructure 

Four  variables  are  used  to  develop  this  indicator  which 
evaluates  (Da  nation's  potential  to  expand  its  scientific 
and  technological  knowledge  and  (2)  the  industrial  focus 
of  its  RiNI)  enterprise.  This  indicator  was  constructed 
using  published  data  on  the  number  of  scientists  in  KiX  l) 
(United  Nations  data):  national  purchases  of  electronic 
data  processing  equipment  (Klsevier  Advanced  Tech¬ 
nology):  and  survey  data  thiit  asked  experts  to  rate  the 
economy’s  output  of  indigenous  academic  scienct'  and 
engineering,  the  ability  to  make  effective  use  of  technical 
knowledge,  and  the  linkages  of  kovD  to  industry'. 

Taiwan  received  the  highest  comixisite  score  of  the  I'iglit 
Asian  economies  (both  Nil  s  and  l..\i:s),  with  strong  ratings 
for  each  of  the  variabk's.  (Sc'e  figure  (>27.)  ilie  lowest  score 
among  the  NIi;s  was  accorck-d  to  Hong  Kong.  Hiis  is  not  sur¬ 
prising.  considering  its  traditional  reliance  on  entrepre¬ 
neurial  expertise  rather  than  on  foniially  conducted  luND. 
In  addition,  its  comparatively  smaller  ixipulation  may  have 
played  some  part  in  its  low  score  since  numbers  of  trained 
scientists  and  engineers  and  the  size  of  the  attendant  KM) 
enterprise  are  compared  witli  countries  with  much  larger 
populations  in  the  region."  However,  even  thoiigh  Singa¬ 
pore’s  population  is  smaller  than  Hong  Kong’s.  Singa¬ 
pore’s  extensive  national  investments  in  infomiation  tech¬ 
nology  and  its  prominence  in  the  region  as  a  computer 
manufacturer  more  than  coniix-nsated  for  any  population 
bias  and  lifted  its  score  above  that  for  Hong  Kong. 


'■'Ilu-  Harbison-Myers  indec  (wliiili  iin-aMin-s  the  pcrcfiilaKc  of 
|M>pulation  attaininj;  sivondan  and  liinl't'r  t'diualions)  was  used  lor 
llu-sf  ass»’ssnicnts. 

■  'niis  assossnu-nt  of  Houk  Koiik  may  i  lianno  in  the  near  fuUire 
spurred  on  by  the  chanKe  in  nde  from  Itritain  to  the  C'liina  in  tUb? 
Houk  Koiik  has  recently  opened  a  new  fniversity  of  Scien.e  .V 
Technolonv  and  an  Industrial  I'ech.ioloKV  Center.  (See  Badness 
Week  1‘HIL'.’) 
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thi‘  l-AI'S,  China  and  India  have  the  highest  rated 
teehnologieal  infrastnietures.  China  scored  well  on  each  of 
the  variables,  but  distanced  itself  from  the  other  KAKs  by 
virtue  of  its  comparatively  large  purchases  of  computer 
equipment.  India's  relatively  high  score  rested  on  the 
strength  of  its  large  number  of  trained  scientists  and  engi¬ 
neers  and  their  nicuiy  contributions  to  the  st  1  knowledge 
base.  On  the  other  hand,  Indonesia’s  large  population  did 
not  save  it  from  the  bottom  ranking  with  low  scores  on 
each  of  the  vaiiables  that  make  up  this  indicator. 

Productive  Capacity 

Hiis  indicator  evaluates  the  strength  of  a  nation’s  cur¬ 
rent,  in-place  manufacturing  infrastnicture  as  a  baseline 
for  assessing  its  capacity  for  future  growth  in  high-tech 
activities.  It  factors  in  expert  opinion  on  the  availability  of 
skilled  labor,  numbers  of  indigenous  high-tech  compa¬ 
nies,  and  judgments  on  the  management  capabilities  in 
the  country,  combined  with  published  data  on  current 
electronics  production  in  each  country. 

Taiwan’s  productive  capacity  scored  the  highest 
among  the  MKs,  although  South  Korea  and  Singapore 
were  not  far  behind.  (See  figure  6-27.)  Hong  Kong  fell 
short  compared  to  the  other  MKs,  with  low  expert  opin¬ 
ions  of  its  availability  of  skilled  labor  and  on  the  variable 
measuring  electronics  manufacturing. 

Malaysia  om  e  again  stood  out  among  the  kaes — in 
fact,  its  score  was  closer  to  that  of  the  .MKs  than  to  the 
group  of  emerging  Asian  economies.  India’s  score  was 
also  quite  high  compared  to  the  other  countries  in  this 
group,  supported  by  its  comparatively  large  electronics 
manufacturing  industry  and  its  tradition  of  training  its 
students  in  science  and  engineering. 

Suminary:  Assessment  of  Future 
Competitiveness^ 

Based  on  various  indicators  of  technological  competi¬ 
tiveness,  including  those  discussed  in  this  section,"'  sever¬ 
al  Asian  economies  seem  headed  toward  future  promi¬ 
nence  in  technology  development — a  prominence  likely  to 
lead  to  a  greater  presence  in  high-tech  product  markets. 

Taiwan  and  South  Korea  seem  best  positioned  to 
increase  their  competitiveness  in  technology-related 
fields  and  markets  and  move  closer  to  Japan  in  terms  of 
technological  stature.  Strong  patent  activity  in  electron- 


"'For  further  analysis  of  future  rompetitiveness  of  these  eight 
economies,  see  "Results  of  Preliminary  Analysis." 

'■"WTiile  the  conclusions  drawn  from  the  leading  indicators  should  be 
considered  preliminary,  they  are  consistent  with  trends  presented  in 
SKS  (lf)9H)  and  SKs  (forthcoming). 


ics  and  telecommunications,  tapping  into  l  ,s.  technologi¬ 
cal  know-how,  and  incorporating  advanced  technology 
products  throughout  their  economies  are  a  few  of  the 
indicators  suggesting  technological  advancement  for 
these  economies.  The  set  of  leading  indicators  highlight 
the  technological  infrastructure  and  productive  capacity 
in  both  economies  that  should  supprirt  further  growth  in 
their  high-technology  industries. 

Singapore  and  Hong  Kong,  wJiile  showing  many  signs 
of  technological  strength,  seem  to  be  operating  on  a 
somewhat  narrower  technology  foundation  than  are 
Taiwan  and  South  Korea.  ITiey  have  not  shown  the  same 
level  of  patent  activity  or  the  same  presence  in  global 
technology  markets  as  have  the  other  two  MKs.  Hong 
Kong  is  the  region’s  wild  card,  however.  Integration  with 
China  is  st  heduled  for  1997  and  whether  the  Hong  Kong 
industrial  and  technological  base  will  continue  to  grow 
will  depend  upon  how  it  is  incorporated  in  the  new  China. 

Malaysia  is  the  single  emerging  Asian  economy  that, 
on  the  basis  of  these  indicators,  could  likely  develop  into 
the  next  Asian  "tiger" — that  is,  an  MK.  Malaysia  is  pur¬ 
chasing  increasing  amounts  of  advanced  technology 
products  and  has  attracted  large  amounts  of  foreign 
investment  to  establish  its  own  in-country  high-tech  man¬ 
ufacturing  facilities.  Even  if  these  facilities  are  mostly 
platform  (assembly)  operations  today.  Malaysia’s  strong 
national  commitment,  socioeconomic  structure,  and  pro¬ 
ductive  capacity  suggest  that  as  it  gains  technological 
capabilities  more  complex  processing  will  likely  follow. 

India  shows  tremendous  strengths  in  certain  of  the 
indicators,  but  also  shows  tremendous  weakness.  The 
countiA'  has  a  long  tradition  of  educating  highly  qualified 
scientists  and  engineers  and  a  well-deserved  reputation 
for  excellence  in  basic  research,  yet  it  harbors  one  of  the 
highest  illiteracy  rates  in  the  region.  This  anomaly  pro¬ 
duced  the  lowest  score  given  among  the  eight  eco¬ 
nomies  for  the  socioeconomic  infrastructure  indicator. 
Uneven  acceptance  of  foreign  products  and  investment 
has  inhibited  internal  competition  that  otherwise  may 
have  motivated  India  to  better  capitalize  on  its  engineer¬ 
ing  strengths.  Some  of  the  regulations  and  policies  relat¬ 
ed  to  foreign  investment  are  slated  to  change  in  the  near 
future,  and  this  may  improve  India’s  position  over  the 
long  run  {The  Economist  1991). 

China  and  Indonesia  show  many  mixed  signs  in  these 
indicators  of  technology  development  and  competitive¬ 
ness.  Both  countries  show  rising  purchases  of  I'.s. 
advanced  technology  products  and  increased  licensing 
of  technological  know-how.  Yet  compared  with  the  other 
Asian  economies,  these  countries  do  not  show  the  same 
level  of  national  commitment,  technological  infrastruc¬ 
ture,  and  productive  capacity  that  would  project  techno¬ 
logical  competitiveness  in  the  near  future. 
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Preliminary  Analysis  of  New  Data 


A  preliminary  analysis  of  new  quantitative  and  expert- 
derived  data  indicates  a  further  narrowing  between  the 
group  of  NIKS  (Hong  Kong,  Singapore,  South  Korea,  and 
Taiwan)  and  the  group  of  EAi:s  (China,  India,  Indonesia, 
and  Malaysia).  The  new  set  of  data  show  surprising 
strength  by  Singapore  compared  to  the  other  newly 
industrialized  economies,  improving  its  scores  in  three  of 
the  four  leading  indicators.  Yet  other  indicators  suggest 
that  Singapore’s  high-tech  strength  is  narrow  compared 
to  that  of  Taiwan  and  South  Korea.  New  data  for  China 


show  a  marked  improvement  in  each  of  the  four  indica¬ 
tors.  Memories  of  Tianenmen  Square  linger,  but  China’s 
national  potential  and  commitment  to  achieving  maritet- 
driven  economic  growth  continue  to  elevate  that  coun¬ 
try’s  prospects  as  a  future  high-tech  competitor.  Efforts 
by  India  to  encourage  more  foreign  investment  appear  to 
be  paying  off,  as  suggested  by  the  sizeable  improvement 
in  the  indicator  measuring  its  socioeconomic  infrastruc¬ 
ture.  Nevertheless,  Malaysia  continues  to  be  the  standout 
among  the  EAEs. 
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Highlights 


Interest  in  and  Information  About  S&T 

♦  The  level  of  interest  in  science  and  technology 
(S&T)  has  remained  fairly  stable  over  the  past 
14  years.  Approximately  40  percent  of  Americans 
reported  that  they  were  very  interested  in  scientific 
and  technological  issues.  Compared  to  citizens  in 
Japan  and  the  European  Community,  more 
Americans  expressed  a  high  level  of  interest  in  new 
medical  discoveries. 

♦  Only  about  10  percent  of  American  adults  think 
of  themselves  as  being  veiy  well-informed  about 
science  and  technology.  Only  12  percent  of 
Americans  thought  that  they  were  “very  well- 
informed”  about  issues  involving  new  scientific  dis¬ 
coveries,  and  only  10  percent  claimed  to  be  “very 
well-informed”  about  issues  concerning  the  use  of 
new  inventions  and  technologies. 

4  Most  Americans  depend  on  television  and  news¬ 
papers  as  their  primary  source  of  news  and 
information.  When  looking  for  more  specialized 
information,  e.g.,  personal  health  information,  a  third 
of  American  adults  continue  to  rely  on  television. 

Attitudes  Toward  S&T 

♦  Americans  continue  to  hold  science  and 
medicine  in  high  regard.  Over  the  last  20  years, 
the  proportions  of  American  adults  who  report  “a 
great  deal  of  confidence”  in  the  leadership  of  the  sci¬ 
entific  community  and  the  leadership  of  medicine 
have  been  among  the  highest  for  any  institutions  in 
the  United  States,  including  the  Supreme  Court. 

4  Approximately  80  percent  of  Americans  believe 
that  S&T  have  increased  our  standard  of  living, 
enhanced  workii^  conditions,  and  improved  pub¬ 
lic  heahfa.  Throughout  the  last  decade,  at  least  70  per¬ 
cent  of  Americans  have  continued  to  express  the  view 
that  the  benefits  of  scientific  research  have  exceeded 
any  risks  or  harms  associated  with  that  work. 

♦  Many  Americans  hold  mixed  views  about  the 
motives  and  behavior  of  individual  scientists. 

Eighty  percent  of  Americans  think  scientists  want  to 
work  on  things  that  will  make  life  better  for  the  aver¬ 


age  person,  but  53  percent  accept  the  idea  that 
“many  scientists  make  up  or  falsify  research  results 
to  advance  their  careers  or  make  money." 

PuBuc  Understanding  of  Science 

♦  The  public  understanding  of  basic  environmen¬ 
tal  concepts  is  uneven,  with  high  levels  of 
understanding  of  some  ideas  and  very  little 
understanding  of  others.  Over  60  percent  of 
American  adults  understand  that  the  thinning  of  the 
ozone  layer  can  lead  to  increased  risk  of  skin  cancer 
and  that  acid  rain  can  damage  forests,  but  fewer  than 
1  in  10  know  the  location  of  the  primary  hole  in  the 
ozone  layer  or  can  provide  a  scientific  explanation  of 
acid  rain.  A  large  proportion  of  the  public  tends  to 
think  that  all  forms  of  pollution,  including  auto 
exhausts,  contribute  to  every  major  environmental 
problem.  Relatively  few  citizens  demonstrate  the  abil¬ 
ity  to  relate  specific  sources  of  pollution  to  particular 
kinds  of  environmental  damage. 

♦  A  higher  proportion  of  European  adults  than 
U.S.  adults  classify  themselves  as  having  a  clear 
understanding  of  several  important  environmen¬ 
tal  concepts.  For  example,  44  percent  of  Europeans 
say  they  have  a  clear  understanding  of  the  hole  in  the 
ozone  layer,  compared  to  30  percent  of  Americans. 

Youth  Understanding  and  Atitiodes 

4  Most  high  school  seniors  (52  percent)  were 
uncertain  about  the  potential  impact  of  comput¬ 
ers  and  automation  on  jobs,  and  the  balance  was 
about  evenly  divided  between  optimists  and  pessimists. 
The  majority  (55  percent)  of  U.S.  adults  surveyed  on 
this  issue  in  1992  expected  computers  and  automation 
to  eliminate  more  jobs  than  they  would  create. 

4  Among  recent  hi^  school  graduates  uho  have 
developed  any  attitude  or  opinion  toward  sci¬ 
ence  and  technology,  there  is  evidence  of  gener¬ 
ally  positive  attitudes  toward  organized  science. 
A  substantial  proportion  of  1990  and  1993  high  school 
graduates  indicated  that  they  had  not  developed  an 
attitude  toward,  or  were  unsure  about,  a  wide  range  of 
science  and  technology  issues. 
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Introduction 

Chapter  Background 

Most  Americans  today  grew  up  with  satellites  circling 
the  planet,  the  ability  to  pick  up  a  telephone  and  call 
directly  to  almost  anywhere  in  the  world,  and  the  expecta¬ 
tion  that  modem  medicine  can  cure  or  control  most  condi¬ 
tions.  Future  generations  of  Americans  will  undoubtedly 
live  in  an  increasingly  scientific  and  technological  society. 

In  tight  of  this  circumstance,  it  is  important  to  under¬ 
stand  the  American  view  of  science  and  technology  (s&T). 
Do  Americans  recognize  SA  P’s  contributions  to  their  pre¬ 
sent  standard  of  living?  What  do  they  think  will  be  the 
future  relationship  between  science,  technology,  and  eco¬ 
nomic  prosperity?  How  do  they  assess  the  impact  of  SA'i 
on  their  lives  and  well-being?  How  many  Americans  have 
a  sufficient  understanding  of  SA  P  to  participate  meaning¬ 
fully  in  public  policy  debates  involving  scientific  and  tech¬ 
nological  issues?  And  finally,  how  do  Americans’  views 
compare  to  those  of  Europeans  and  the  Japanese? 
Answers  to  these  and  related  questions  can  be  gained,  in 
part,  by  studying  the  level  of  interest  that  Americans  have 
in  scientific  and  technical  issues,  how  much  they  know 
about  those  issues,  and  how  closely  they  follow  them. 

The  pace  of  scientific  and  technological  change 
increases  rapidly:  consequently,  the  study  of  science  and 
mathematics  in  school  is  merely  preparation  for  a  life¬ 
time  of  learning  about  new  developments.  Contemporary 
adults  try  to  keep  pace  with  these  changes  primarily 
through  major  media  sources,  trusting — at  some  level — 
that  the  information  provided  is  accurate.  Identification 
of  information  sources  and  determination  of  their  per¬ 
ceived  reliability  provides  additional  indications  of  Amer¬ 
icans’  ability  to  prepare  for  the  future. 

Finally,  examining  the  attitudes  of  U..S.  adults  toward  sat, 
and  understanding  the  emergence  of  attitudes  among  the 
next  generation,  can  provide  insights  for  policymakers  as  to 
whether  young  Americans  are  turning  away  fi'om  or  toward 
science  and  technology.  This  analysis  may  also  help  deter¬ 
mine  if  there  is  growing  distrus*  or  growing  confidence  in 
science  among  American  you;h — o  factor  that  may  affect 
their  future  policy  or  career  decis-  ;ns. 

Chapter  Organization 

To  explore  the  issues  raised  above,  data  from  this  and 
previous  Science  &  Engineering  Indicators  reports  are 
used  and — in  some  areas — combined  with  survey  results 
from  Japan  and  the  European  Community.  The  first  sec¬ 
tion  focuses  on  the  level  of  interest  in  SAT,  the  public’s 
self-perceived  level  of  understanding,  and  attentiveness  to 
SAT  issues.  Comparative  information  from  the  European 
Community  and  Japan  is  also  examined.  The  section  also 
looks  at  the  primary  sources  of  information  used  by  vari¬ 
ous  segments  of  the  public  to  learn  about  SAT,  and  the 
level  of  trust  they  place  in  those  sources. 

The  second  section  examines  public  attitudes  toward 
SAT  in  gi.  ral  and  toward  specific  scientific  and  techno¬ 


logical  issues.  It  looks  at  patterns  of  change  over  the  last 
15  years  relating  to  organized  science,  scientists,  specific 
controversies,  government  spending,  and  the  broad 
impact  of  sat  on  the  quality  of  life.  Comparative  respons¬ 
es  from  citizens  in  Japan  and  the  European  Community 
are  also  reviewed. 

The  third  section  explores  the  level  of  public  under¬ 
standing  of  science  and  technology.  Using  a  wide  array 
of  measures,  this  section  attempts  to  estimate  the  pro¬ 
portions  of  U.s  adults  who  understand  selected  scientific, 
technological,  biomedical,  and  environmental  terms  and 
concepts.  The  section  also  compares  U.s.  responses  to 
those  of  the  European  Community  and  Japan. 

The  final  section  uses  data  from  a  continuing  longitudi¬ 
nal  study  of  li.s.  youth  to  assess  the  attitudes  of  the  next 
generation  of  Americans  toward  .SA  r.  Data  from  national 
samples  of  public  high  school  seniors  are  used  to  estimate 
attitudes  toward  both  organized  science  in  general  and 
selected  scientific  and  technological  issues  in  particular. 

Interest  in  and  Information  About  S&T 

The  public  policy  agendas  of  modern  industrial 
democracies  are  diverse  and  complex,  and  few  citizens 
are  able  to  focus  on  and  stay  informed  about  more  than  a 
few  issue  areas.  Beginning  with  the  work  of  Gabriel 
Almond  (1950),  social  scientists  have  recognized  that  cit¬ 
izens  of  complex  modern  societies  must  “specialize” 
their  political  interests,  following  those  issue  areas  about 
which  they  feel  they  know  the  most  or  feel  are  the  most 
important  to  themselves,  their  families,  their  businesses, 
or  the  country  in  general.  This  section  presents  study 
data  aimed  at  identifying  public  interest  in  a  variety  of 
issue  areas;  it  specifically  focuses  on  the  American  pub¬ 
lic’s  level  of  interest  in,  and  degree  of  informedness  on, 
science  and  technology. 

Interest  in  S&T  Issues 

U.S.  Public.  The  level  of  interest  in  science  and  tech¬ 
nology  in  the  United  States  has  remained  fairly  stable 
over  the  last  14  years.'  The  results  of  public  attitude 
studies  conducted  for  Science  &  Engineering  Indicators  in 
1992  show  that  around  the  same  proportion — about  37 
percent — of  Amercians,  have  reported  that  they  were 


'Of  the  1 1  Indicators  volumes  published  since  1972,  10  have  inciudetl  a 
chapter  on  public  attitudes  toward  and  understanding  of  sA  I'.  The  data  for 
the  present  chapter  are  drawn  from  two  parallel  studies  conducted  in  1992 
and  1993,  under  the  direction  of  the  Chicago  Academy  of  Sciences,  and 
sponsored  by  the  National  Science  Foundation  and  the  National  Institutes 
of  Health.  One  study  continued  the  core  of  attitude  and  knowledge  items 
from  previous  Science  &  Engineering  Indicators  studies:  it  included  tele¬ 
phone  interviews  with  a  random-digit  sample  of  2.(K)1  adults.  The  second 
study  attempted  to  measure  public  attitudes  toward  and  understanding  of 
biomedical  concepts  and  technologies.  The  biomedical  study  was  based 
on  a  stratified  random-digit  sample  of  3.111  interviews.  See  “iVimary  Data 
Sources"  for  details  on  data  access  for  these  two  studies. 
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Figure  7-1. 
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NOTES:  Survey  was  coiKlucted  only  in  yearn  noted.  For  further  details 
on  the  deflntHon  of  attentiveness,  see  appendix  table  7-7. 

See  soperxlix  tables  7-1. 7-4,  and  7-7. 
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very  interested  in  new  scientific  discoveries  and  new 
inventions  and  technologies.  (See  figure  7-1.) 

Beginning  in  1985,  public  attitude  studies  conducted 
for  Science  &  Engineering  Indicators  have  included  ques¬ 
tions  about  interest  in  new  medical  discoveries:  the 
results  indicate  a  higher  level  of  interest  in  those  issues 
than  in  economic,  science,  or  technology  issues.  (See 
figure  7-1.)  Approximately  two-thirds  of  American  adults 
have  since  reported  that  they  are  very  interested  in 
issues  about  new  medical  discoveries,  with  only  3  per¬ 
cent  claiming  to  have  little  or  no  interest.  Older  adults 
tend  to  be  significantly  more  interested  in  new  medical 
discoveries  than  younger  adults. 

Individuals  with  higher  levels  of  formal  education  and 
more  high  school  and  college  coursework  in  science  and 
mathematics  tend  to  report  higher  levels  of  interest  in 
new  scientific  discoveries  than  do  those  with  12  or  fewer 
years  of  formal  education.  (See  figure  7-2.)  In  1992, 
respondents  with  a  graduate  or  professional  degree 
reported  a  high  level  of  interest  in  new  scientific  discov¬ 
eries  (44  percent),  while  adults  with  9  years  of  schooling 
or  under  evinced  less  interest  (32  percent).  These  data 
indicate  a  correlation  between  level  of  schooling/course- 
work  and  degree  of  interest  in  these  areas.  No  similar 
relationship  exists  with  regard  to  issues  on  the  use  of 
new  inventions  and  technologies. 

Interest  in  space  exploration  was  highest  among  college 
graduates  and  lowest  among  citizens  with  less  formal 


Figure  7-2. 
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See  appwidtx  tables  7-2  and  7-5. 
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Five  Basic  Concepts  for  Thinking  About  Pubiic  Attitudes  and  Knowledge 


The  following  concepts  are  useful  in  thinking  about 
public  attitudes  towards  and  understanding  of  science 
and  technology  in  general,  and  in  understanding  the  spe¬ 
cific  research  methods  used  in  the  major  studies  provid¬ 
ing  data  for  this  chapter.  (These  studies  are  described  in 
“Primary  Data  Sources.’’) 

♦  Opinions;  Opinions  are  lightly  held  dispositions 
toward  a  given  issue,  person,  or  other  attitude  object 
(Hennessy  1972).  If  asked  about  some  issue  that  is 
of  little  concern  to  a  particular  individual,  that  per¬ 
son  might  give  a  response  as  part  of  a  conversation 
or  interview,  but  that  opinion  is  not  salient  to  his  or 
her  basic  interests  or  values,  nor  is  it  likely  to  be  sta¬ 
ble  over  time. 

♦  Attitudes:  Attitudes  are  dispositions  toward  an 
issue,  person,  or  other  attitude  object  that  reflect 
important  concerns  and  values  (Hennessy  1972).  A 
person  with  a  long-standing  interest  in  a  given  area 
will  have  firm  feelings  about  that  area.  If  asked 
about  an  issue  of  major  concern  to  them,  most  ’mdi- 
viduals  can  provide  a  detailed  and  logically  consis¬ 
tent  response,  reflecting  their  previous  thinking  on 
that  issue  and  its  connections  to  their  other  con¬ 
cerns  and  values.  Attitudes,  in  contrast  to  opinions, 
tend  to  be  stable  over  time  and  integrated  into  an 
individual’s  broader  set  of  values  and  concerns. 

♦  Issue  interest  Issue  interest  is  a  relative  measure, 
both  conceptually  and  empirically.  In  1992  and  pre¬ 
vious  Science  &  Engineering  Indicators  studies,  indi¬ 
viduals  have  been  asked  to  indicate  whether  they 
were  “very  interested,  moderately  interested,  or  not 
at  all  interested”  in  each  of  a  set  of  public  policy 
issue  areas.  The  use  of  this  trichotomous  self-report 
was  first  validated  in  a  1979  study  where  the  level  of 
self-reported  interest  was  highly  correlated  with  the 
selection  of  newspaper  headlines  and  stories  that 
individuals  indicated  they  were  likely  to  read 
(Miller,  Prewitt,  and  Pearson  1980).  Although  there 
is  no  universal  metric  underlying  this  set  of  ques¬ 
tions,  the  distinction  between  “very  interested,  mod¬ 
erately  interested,  and  not  at  all  interested”  reflects 
the  relative  level  of  interest  the  responding  individu¬ 
al  assigns  to  each  issue  area.  Since  the  number  of 
issues  that  an  individual  can  follow  effectively  is  lim- 


education;  however,  the  proportion  of  adults  reporting  a 
high  level  of  interest  in  issues  about  the  use  of  nuclear 
power  and  about  environmental  pollution  was  not  related 
to  either  the  level  of  formal  schooling  or  the  level  of  sci¬ 
ence  and  mathematics  coursework. 

This  I?  -rn  of  differences  by  level  of  education 
appears  in  analyses  throughout  this  chapter.  Science  and 


ited,  these  responses  provide  an  indicator  of  those 
areas  each  individual  considers  to  be  of  greatest  per¬ 
sonal  interest  (Miller  1983a). 

♦  Objective  level  of  understanding:  As  used  here, 
the  objective  level  of  understanding  is  a  reflection  of 
the  number  of  selected  scientific  and  technical  con¬ 
cepts  that  were  correctly  identified  by  interview  in 
1992  and  earlier  studies.  This  allows  the  construc¬ 
tion  of  a  measure  of  the  level  of  understanding  of 
s&T  held  by  adults  in  the  United  States  and  other 
countries.  Note,  however,  that  interviews  (by  tele 
phone  or  in  person)  are  able  to  assess  a  selected 
range  of  concepts  and  generally  cannot  measure 
either  indepth  understanding  of  concepts  or  the 
ability  to  use  and  apply  these  concepts  in  practical, 
hands-on  settings.  Nonetheless,  it  is  useful  to  be 
able  to  distinguish  between  those  citizens  who  have 
a  minimal  level  of  understanding  of  various  scientif¬ 
ic  concepts,  such  as  the  structure  of  matter  and  of 
the  solar  system,  the  dynamics  of  certain  key 
aspects  of  the  planet  on  which  we  live,  and  basic 
concepts  about  the  origins  and  survival  of  plant  and 
animal  life,  and  those  who  do  not  understand  those 
basic  constructs. 

♦  Subjective  level  of  understanding:  Apart  fi'om 
some  objective  metric  of  understanding,  individuals 
have  a  subjective  metric  that  allows  them  to  classify 
themselves  as  “very  well-informed,  moderately  well- 
informed,  or  not  very  well-informed”  about  selected 
issue  areas.  Although  those  individuals  who  are 
objectively  more  knowledgeable  are  significantly 
more  likely  to  describe  themselves  as  being  very 
well-informed,  there  are  some  individuals  who  have 
a  relatively  high  level  of  understanding  as  measured 
by  objective  indicators,  who  aware  of  the  depth  of 
understanding  held  by  professionals  in  the  field, 
describe  themselves  as  moderately  well-informed. 
Conversely,  some  individuals  who  feel  well- 
informed  may  not  display  a  high  objective  level  of 
understanding.  The  point  of  this  concept  is  that  indi¬ 
viduals  who  think  they  are  very  well-informed  are 
significantly  more  likely  to  participate  in  public  poli¬ 
cy  disputes  than  are  citizens  who  have  some 
doubts  about  their  level  of  understanding 
(Rosenau  1974  and  Miller  1983a). 


scientific  issues  are  seen  as  more  difficult  subjects  that 
require  more  study  or  knowledge  than  other  kinds  of 
issues.  Technologies — or  technology-related  issues  such 
as  nuclear  power  and  environmental  issues — appeared 
to  be  more  familiar  to  more  respondents,  and  might  be 
seen  as  more  directly  affecting  their  lives.  Therefore, 
interest  in  these  technological  areas  appears  to  be  less 
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Primary  Data  Sources 


The  analysis  reported  in  this  chapter  rests  primarily 
on  four  major  data  sources,  as  described  below. 

♦  NSF  Survey  of  Public  Understanding  of 
Science  and  Technolr^,  1979-92:  Most  of  the 
u.s.  data  in  this  chapter  come  from  a  series  of 
national  surveys  funded  by  the  National  Science 
Foundation  (NSK).  The  most  recent  survey,  con¬ 
ducted  in  1992,  consisted  of  telephone  interviews 
with  2,001  adults  aged  18  and  over  in  a  national 
probability  sample.  It  contained  a  core  of  questions 
that  have  been  asked  in  these  studies  since  1979. 

♦  NIH  Survey  of  Public  Understanding  of  Bio¬ 
medical  Concepts,  1993:  In  a  joint  program  with 
NSF,  the  National  Institutes  of  Health  (NiH)  spon¬ 
sored  a  national  study  of  public  understanding  of 
biomedical  concepts.  A  total  of  3,111  telephone 
interviews  were  conducted,  using  a  national  sample 
stratified  by  race/ethnicity.  Within  each  stratum,  a 
national  probability  sample  was  selected,  but  over¬ 
samples  of  college  graduates  were  collected  in  the 
black  and  Hispanic  strata  to  compensate  for  the  dis¬ 
tribution  of  educational  attainment.  The  final  analyt¬ 
ic  file  was  weighted  to  reflect  the  u.s.  population. 


♦  Eurobarometer  38-1:  Continuing  its  20-year 
series  of  biennial  surveys,  the  Commission  of  the 
European  Communities  conducted  a  survey  of 
13.024  adults  in  its  12  member  nations  in  fall  1992. 
ITie  interviews  were  conducted  in  person  in  the 
native  language  of  the  respondent. 

♦  Japan  National  Study,  1991.  Sponsored  by  the 
National  Institute  of  Science  and  Technology  Policy 
(Nls^l'EP).  the  1991  study  was  based  on  in-person 
interviews  with  1.457  adults  aged  18  and  over.  A 
core  set  of  questions  were  designed  to  allow  com¬ 
parisons  with  the  Eurobarometer  studies  and  the 
U.s.  Science  Indicators  studies. 

♦  Data  Availability.  The  Eurobarometer  data  can  be 
obtained  from  Zentralarchiv  fur  Europaische  Social- 
forschung,  Koln  Universitat,  Germany  (Fax;  49-221- 
476-9444)  and  Institute  of  Social  Research. 
University  of  Michigan.  USA  (Fax:  (l)-313-747-45- 
75).  Data  for  all  four  sources  are  available  from  the 
International  Center  for  the  Advancement  of 
Scientific  Literacy,  Chicago  Academy  of  Sciences. 
(Internet:  icasl@mcs.com)  Fax:  (312)  549-5199 
Phone:  (312)  5494)606 


related  to  formal  schooling.  Space  exploration,  while 
depending  on  a  wide  range  of  technologies,  tended  to  be 
less  salient  to  most  respondents. 

International  Comparisons.  D)oking  at  the  (lattenis  of 
interest  in  these  same  four  issue  areas  in  Japan  and  the 
12  nations  of  the  European  Community,  the  United  States 
ranks  ninth  with  regard  to  the  level  of  interest  in  issues 
about  new  scientific  discoveries,  sixth  regarding  the  use 
of  new  inventions  and  technologies,  and  sixth  regarding 
environmental  issues.  (See  figure  7-3.)  It  ranks  first  in 
the  proportion  of  citizens  expressing  a  high  level  of  inter¬ 
est  in  new  medical  discoveries.  Very  high  levels  of  citizen 
interest  in  all  four  issues  were  found  in  France,  the 
Netherlands,  Italy  and  Greece.  Japan  ranked  last,  or  next 
to  last,  in  level  of  citizen  interest  in  all  four  S'; T-related 
issue  areas. 

Informedness  on  S&T  Issues 

U.S.  Public.  Desiiite  their  high  leve  l  ol  interest  in  sci¬ 
ence  and  technology,  only  about  1  in  10  Aiiu'i  iean  adults 
thinks  of  him  or  herself  as  very  well-informed  about 
either  new  scientific  discoveries  or  l!  <■  use  of  new  inven¬ 
tions  (  ’  technologies.  Since  the  iniit.ition  of  this  ques¬ 

tion  senes  in  1979,  not  more  than  14  percent  of  Ameri¬ 


can  adults  have  been  willing  to  classify  themselves  as 
very  well-informed  on  these  issues.  (See  figure  7-1.)  In 
1992.  only  12  percent  of  American  adults  claimed  to  be 
very  well-informed  about  new  scientific  discoveries,  and 
only  10  percent  made  this  claim  regarding  issues  on  the 
use  of  new  inventions  and  technologies.  A  similar  pro¬ 
portion  indicated  that  they  were  very  well-informed  on 
issues  about  the  use  of  nuclear  power.  Nearly  twice  as 
many  Americans  thought  of  themselves  as  very'  well- 
informed  about  new  medical  discoveries  (slightly  over  20 
percent).  This  level  of  self-reported  knowledgeability  has 
been  stable  since  it  was  first  measured  in  1985. 

The  iiroportion  of  Americans  who  feel  well-informed 
about  economic  and  business  condition  issues  has  remained 
in  the  mid-  to  upper  2()-percent  range  throughout  the 
198()s.  (See  figure  7-1.)  In  1992,  nearly  30  percent  of 
Americans  thought  they  were  very  well-informed  in  this 
area — the  same  proportion  as  in  1981,  a  period  of  intense 
public  discussion  of  economic  issues. 

For  virtually  every  issue  area,  the  iiroportion  of 
Americans  reporting  a  high  level  of  informedness  is  signif¬ 
icantly  lower  than  the  iiroportion  reporting  a  high  level  of 
interest.  Although  the  level  of  interest  in  scientific  and 
technical  issues  has  remained  high,  fewer  than  one  in 
three  respondents  think  of  themselves  as  well-informed 
about  thesi'  same  issues. 
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Significant  differences  in  level  of  informedness  exist 
among  various  segments  of  the  public.  Higher  propor¬ 
tions  of  adults  with  more  formal  education  reported  that 
they  were  very  well-informed  about  new  scientific  dis¬ 
coveries  and  space  exploration.  This  pattern  was  not  as 
clear  with  regard  to  issues  on  the  use  of  new  inventions 
and  technologies,  new  medical  discoveries,  and  environ¬ 
mental  pollution.  (See  figure  7-2.)  In  all  of  the  areas 
included  in  the  study,  there  was  a  tendency  for  a  rela¬ 
tively  high  proportion  of  respondents  with  9  years  or 
less  of  formal  schooling  to  claim  to  be  very  well- 
informed.  (See  appendix  fable  7-5.)  Given  the  results  on 
actual  knowledge  tests,  this  high  response  rate  may  be 
a  reflection  of  not  knowing  enough  about  these  complex 
fields  to  be  able  to  assess  their  own  level  of  knowledge- 
ability  accurately. 

International  Comparisons.  When  adults  from  14 
nations  were  asked  to  assess  their  level  of  informedness 
in  these  same  four  areas  (new  medical  discoveries,  new 
scientific  discoveries,  new  inventions  and  technologies, 
and  environmental  pollution),  fewer  than  half  of  those 
who  claimed  to  be  very  interested  in  each  area  were  will¬ 
ing  to  classify  themselves  as  very  well-informed  in  that 
area.  The  relative  ranking  among  the  nations  changed 
only  moderately.  (Compare  figures  7-3  and  7-4.) 

A  higher  proportion  of  Americans  thought  of  them¬ 
selves  as  very  well-informed  about  new  medical  discover¬ 
ies  than  did  citizens  in  any  other  nation.  The  proportion 
of  Americans  claiming  to  be  very  well-informed  about 
new  scientific  discoveries,  the  use  of  new  inventions  and 
technologies,  and  environmental  pollution  was  higher 
than  the  European  average.  (See  figure  7-4.)  About  1  in 
10  Americans  and  Europeans  thought  they  were  very 
well-informed  about  new  scientific  discoveries  and  new 
technologies.  Generally,  within  the  European 
Community,  higher  proportions  of  French,  Dutch, 
Luxembourg  and  Danish  citizens  thought  of  themselves 
as  well-informed  across  these  four  areas  than  did  other 
national  groups.  Among  all  countries  studied  and  for  all 
topic  areas,  Japan  had  the  lowest  proportion  of  citizens 
claiming  to  be  very  well-informed. 

Attentiveness  to  S&T  Issues 

The  United  States  is  a  pluralistic  society.  Some  individ¬ 
uals  may  have  a  strong  interest  in  economic,  agricultur¬ 
al,  or  foreign  policy  issues,  and  less  interest  in  issues 
involving  science  or  technology.  Conversely,  other  indi¬ 
viduals  may  follow  .s&T  policy  issues  closely,  but  have  lit¬ 
tle  interest  in  agricultural,  housing,  transportation,  for¬ 
eign  policy,  or  other  issues.  It  is  impossible  for  all 
citizens  to  pay  attention  to  every  issue  area.  Thus,  in  this 
competition  for  attention  and  involvement,  it  is  useful  to 
examine  the  levels  of  interest  the  public  devotes  to  sci¬ 
ence  and  technology  and  to  seek  to  identify  those  seg¬ 
ments  of  the  public  that  report  the  highest  levels  of  inter¬ 
est  in,  in  .nedness  on,  and  attention  paid  to  scientific 
and  technical  issues. 


Figure  7-3. 

Interest  in  scientific  issues,  by  country:  1992 
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Figure  7-4. 

Informedness  on  scientific  ieeues,  by  country:  1992 
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Citizens  who  display  a  high  level  of  interest  in  an  issue 
area,  who  believe  that  they  are  well-informed  about  it. 
and  who  display  a  pattern  of  current  information  con¬ 
sumption  are  classified  as  attentive  to  that  issue. - 
Individuals  with  a  high  level  of  interest  in  an  area,  but 
who  think  of  themselves  as  not  being  well-informed 
about  that  area,  are  classified  as  members  of  the  interest¬ 
ed  public.  Those  without  a  high  level  of  interest  in  an 
issue  area  are  referred  to  as  the  residual  public  in  that 
issue  area. 

Approximately  10  percent  of  American  adults  (or  about 
18  million  individuals)  were  included  in  the  attentive  public 
for  science  and  technology  policy.  (See  figure  7-1.)  This 
proportion  is  slightly  down  from  1979.  Comparatively,  the 
proportion  of  adults  attentive  to  economic  issues  and  to 
new  medical  discoveries  increased  in  the  early  1980s  to 
slightly  less  than  !;’()  percent  of  the  adult  population  and 
remained  at  that  level  for  the  last  decade.  About  one  in  five 
Americans  was  attentive  to  issues  about  environmental  pol¬ 
lution  in  both  1990  and  1992.  (See  appendbc  table  7-7.) 

A  higher  proportion  of  males  was  attentive  to  s&T  poli¬ 
cy  than  females,  but  the  difference  was  not  substantial. 
(See  figure  7-5.)  Interestingly,  attentiveness  to  s&T  policy 
was  not  significantly  associated  with  the  level  of  formal 
education  completed. 

These  results  indicate  that  the  pool  of  likely  citizen 
participants  in  a  policy  dispute  involving  .s&T  would  be 


-For  a  general  discussion  of  the  concept  of  issue  attentiveness,  see 
Almond  (1950),  Rosenau  (1974).  and  Miller  (1983a). 


Figure  7-5. 

Attentiveness  to  science  and 
technology  policy:  1992 
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limited  to  about  10  percent  of  the  total  adult  population. 
Previous  research  suggests  that  only  a  small  proportion 
of  this  group  would  likely  be  mobilized  to  participate 
actively  in  the  debate  by  writing  tetters  or  calling  legisla¬ 
tors  (Rosenau  1974  and  Miller  1983a). 

Sources  of  Information 

Information  Sources  for  S&T.  Given  the  pace  of 
change  in  science  and  technology,  most  individuals  can¬ 
not — in  their  adult  rotes  as  worker,  consumer,  parent, 
and  citizen — rely  solely  on  the  science  and  mathematics 
they  may  have  learned  in  school.  This  section  explores 
the  alternative  sources  of  information  the  public  uses 
most  frequently  to  learn  about  new  developments  in  s&T 
and  the  trust  citizens  have  in  these  sources. 

Television  continues  to  be  the  most  frequently  used 
information  source.  Ninety-five  percent  of  American 
respondents  indicated  that  they  watched  at  least  an  hour 
of  television  news  almost  every  day.  Nearly  two-thirds 
reported  listening  to  an  hour  or  more  of  news  on  the 
radio  almost  every  day.  On  the  print  side,  56  percent  of 
adults  reported  that  they  read  a  newspaper  almost  every¬ 
day.  while  28  percent  read  a  news  magazine  regularly. 
Conversely,  only  9  percent  of  adults  reported  that  they 
read  a  science  magazine  regularly.  This  array  of  results 
points  to  a  high  level  of  information  consumption  in  both 
the  broadcast  and  print  media  among  American  adults. 
(See  figure  7-6.) 

Figure  7-6, 

Public  use  of  selected  information  sources:  1992 
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Figure  7-7. 

Primary  source  of  health  information:  1993 
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Seventy  percent  of  the  respondents  reported  that  they 
used  a  public  library  at  least  once  during  the  previous 
year;  42  pe  rcent  indicated  that  they  visited  five  or  more 
times.  Note,  however,  that  although  public  libraries  pro¬ 
vide  access  to  a  wide  array  of  books,  magazines,  and  ref¬ 
erence  materials,  many  also  lend  out  videotapes  and 
other  kinds  of  entertainment  media. 

Primary  Information  Sources  for  Health  and 
Medical  Topics.  Additional  insight  can  be  gained  on 
how  individuals  obtain  information — and  how  much  they 
trust  those  sources — by  looking  at  data  on  how  the  pub¬ 
lic  obtains  information  on  health  and  medical  topics.  A 
1993  study  of  the  public  understanding  of  biomedical  sci¬ 
ence  asked  respondents  to  report  their  primary  source  of 
information  on  health  and  medical  issues.'^  Respondents 
were  also  asked  how  much  they  would  trust  selected 
sources  for  information  about  heart  disease  and  for  infor¬ 
mation  concerning  how  to  lose  weight. 

Approximately  one-third  of  American  adults  reported 
that  they  get  most  of  their  health  information  from  televi¬ 
sion;  another  third  reported  that  they  relied  on  either 
newspapers  or  magazines:  and  a  little  under  a  sbcth  said 
they  got  most  of  their  health  information  from  a  physi¬ 
cian.  (See  figure  7-7.)  In  broad  terms,  better  educated 
respondents  reported  greater  reliance  on  print  materials, 
while  less  well-educated  individuals  relied  more  often  on 
television.  There  were  few  differences  between  men  and 
women,  with  men  relying  slightly  more  on  newspapers 
and  women  relying  slightly  more  on  magazines. 

When  asked  how  much  they  would  trust  information 
from  each  of  these  sources  on  two  different  health  topics 
(heart  disease  and  weight  loss),  major  differences 
emerged.  Individuals  reported  that  they  had  more  confi¬ 
dence  in  information  on  heart  disease  from  each  source 


The  1993  study  of  the  public  understanding  of  biomedical  concepts 
was  supported  by  the  National  Institutes  of  Health  in  cooperation  with 
the  National  Science  Foundation.  A  more  complete  description  of  the 
study  is  included  in  “Primary  Data  Sources." 
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Figure  7-8. 

Public  tnmt  in  various  health  information 
soureaa:  1982 
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than  they  would  have  in  information  from  that  same 
source  concerning  losing  weight.  (See  figure  7-8.)  A 
large  segment  of  the  public  apparently  has  little  confi¬ 
dence  in  weight  loss  information,  possibly  reflecting  the 
commercialization  of  this  topic  and  the  frequent  media 
promotion  of  special  diets. 

Within  each  subject  area,  Americans  reported  major 
differences  in  the  level  of  confidence  in  information  by 
source.  (See  figure  7-8.)  About  three-quarters  of  the 
respondents  reported  a  high  level  of  confidence  in  infor¬ 
mation  from  a  physician  concerning  heart  disease;  such 
confidence  was  expressed  by  only  12  percent  for  infor¬ 
mation  on  this  topic  provided  on  a  television  talk  show.  A 
similar  pattern  of  trust  was  reported  for  information 
about  weight  control  or  loss,  except — as  noted  above — 
the  overall  level  of  confidence  was  lower.  Thus,  nearly  70 
percent  of  respondents  reported  that  they  would  have  a 
high  level  of  confidence  in  weight  loss  information  from 
a  physician,  and  fewer  than  10  percent  would  trust  infor¬ 
mation  from  a  television  talk  show.  A  very  small  propor¬ 
tion  of  respondents  reported  a  high  level  of  confidence 
for  information  from  a  local  newspaper. 

In  general,  better  educated  respondents  were  more 
likely  to  trust  information  from  the  National  Institutes  of 
Health  (nih)  or  a  scientist  than  were  less  well-educated 
individuals.  Respondents  with  less  formal  education 
were  more  likely  to  trust  information  from  a  television 
news  or  talk  show  than  were  better  educated  individuals. 
There  w  re  no  substantively  important  differences  in 
informal.  ,i  trust  between  men  and  women. 


Looking  at  the  data  in  terms  of  primary  health  informa¬ 
tion  source  reveals  some  interesting  insights.  (See  text 
table  7-1.)  For  the  topic  of  heart  disease,  only  those  adults 
who  cited  their  physician  as  their  primary  source  reported 
a  high  level  of  confidence  in  their  primary  health  informa¬ 
tion  source.  Among  those  citing  television  as  their  primary 
health  information  source,  only  a  third  had  a  high  level  of 
confidence  in  information  from  a  television  news  show, 
and  only  about  a  sixth  (15  percent)  had  a  high  level  of 
confidence  in  information  from  a  television  talk  show. 

About  half  of  the  respondents  who  cited  magazines  as 
their  primary  health  information  source  indicated  that 
they  would  have  a  high  level  of  confidence  in  heart  dis¬ 
ease  information  obtained  from  a  magazine  like  Time  or 
Newsweek.  In  contrast,  among  those  adults  who  reported 
that  they  relied  on  newspapers  as  their  primary  health 
information  source,  only  16  percent  indicated  a  high 
level  of  confidence  in  heart  disease  information  pub¬ 
lished  in  their  local  newspaper. 

The  level  of  confidence  in  information  about  weight 
loss  was  significantly  lower  than  the  level  of  confidence 
in  information  about  heart  disease,  regardless  of  the 
information  source  or  the  specific  medium.  As  suggest¬ 
ed  above,  it  is  likely  that  this  result  reflects  the  more  sci¬ 
entific  and  “credible"  character  of  heart  disease  informa¬ 
tion  and  the  more  commercialized  approach  to  weight 
loss  in  most  media.  Moreover,  it  demonstrates  that  most 
segments  of  the  public  make  some  distinctions  about  the 
credibility  of  health-related  information  sources. 

Attitudes  Toward  S&T 

Within  these  patterns  of  issue  interest,  informedness, 
and  information  acquisition,  it  is  important  to  understand 
the  attitudes  of  Americans  toward  science  and  technologj’ 
in  general  and  toward  some  current  policy  issues.  The 
preceding  indicators  of  interest,  informedness,  and  infor¬ 
mation  acquisition  have  been  content  neutral.  For  exam¬ 
ple,  some  respondents  who  reported  a  high  level  of  inter¬ 
est  in  new  scientific  technologies  or  the  use  of  new 
inventions  and  technologies  may  hold  very  positive  atti¬ 
tudes  toward  organized  science  or  toward  specific  science 


Text  table  7-1. 

Trust  In  health  Information,  by  prinmy  sowca  of 
information:  1992 
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l)()lk-y  issut's.  whilf  other  iiidivUiuals  repoiliiij;  tlie  same 
k'vi'l  ot  interest  may  liokl  ne^jative  or  oi)|)osinn  attitiuk-s. 
Analysis  of  these  ditYerenet's  ean  help  in  nnderstandinjr 
the  landseape  of  pnblie  interest  and  informedness,  as  well 
as  in  j'raspinfj  the  substanee  of  the  pnblie’s  thinkinj'  about 
seienee  and  teehiu)lon\'. 

'Hus  seetion  foeuses  on  the  pattern  of  ^I'lieral  attitudes 
toward  seienee  over  nvent  deeades  and  examines  the  dis¬ 
tribution  of  attitudes  amonjj  selected  sejiments  of  the  pub¬ 
lic.  Beyond  broad  jieneral  attitudes,  this  si'ction  examines 
public  expectations  about  future  outcomes  of  s\  l ,  cunent 
assessment  of  the  benefits  and  risks  of  scientifie  research, 
and  preferences  rej^ardin^  government  sjH-nding  for  SM . 

General  Attitudes  Toward  S&T 

U.S.  Public.  Periodic  surveys  of  public  attitudes 
toward  or,tranized  science'  over  the  last  decade  iiu!'  -ate 
that  most  Americans  continue  to  hokl  a  (lositive  view  of 
science  and  fechnolofjy.  A  four-item  scale  relYectinii 
general  attitudes  toward  SiV'l'.  referred  fo  as  the  Attitude 
foward  Organized  Science  Scale  (.ATOsS),  shows  a  posi¬ 
tive  stable  attitude  toward  organized  science  over  the 
last  decade. '  (See  text  table  7-2.)  Individuals  with  higher 
levels  of  formal  education  tended  to  hold  more  positive 
views  of  organized  science  than  did  less  well-educated 
respondents.  Similarly,  a  higher  proportion  of  citizens 
who  were  attentive  to  Si.y  T  policy  held  more  positive  atti- 
fudt's.  By  1993.  there  were  no  differences  in  the  atti¬ 
tudes  of  men  and  women  toward  organized  science. 

International  Comparisons.  A  higher  proportion  of 
Americans  hold  positive  attitudes  toward  science  and 
technology  than  do  the  citizens  of  Japan  and  the 
European  Community.  While  over  80  percent  ot  both 
Americans  and  Europeans  agreed  that  s\'l  are  making 
“our  lives  healthier,  easier,  and  more  comfortable," 
fewer  Amt  ricans  (38  percent)  thought  it  made  “our  way 
of  life  change  too  fast,"  compared  to  the  majority  of 
European  Community  (.b.b  percent)  and  Japanese  (.S? 
percent)  respondents.  (See  appendix  table  7-14.) 

When  asked  to  assess  the  impact  of  computers  and 
factory  automation  on  the  creation  of  new  jobs.  Japanese 
residents  were  the  most  optimistic,  with  43  percent 
agreeing  that  computers  and  automation  would  create 


'"Organized  seienee”  refers  lo  ilie  Intal  seienlifie  and  engineering 
eonimunity.  It  is  a  sln)rthand  referenee  that  should  be  inter))reled  lo 
inelude  seientists,  engineers,  and  related  support  personnel  and  the 
institutions  in  whieh  they  work. 

Substantively,  the  four  items  in  the  moss  .Setile  eover  some  impor¬ 
tant  aspects  of  general  altitudes  toward  organized  seienee.  Speeifieally. 
respondents  are  asked  to  react  to  the  statements  "seienee  and  technol¬ 
ogy  are  making  our  lives  healthier,  easier,  and  more  comfortable": 
"seienee  makes  our  way  of  life  change  too  fast":  and  "we  deiHMid  too 
much  on  seienee  and  not  enough  on  faith.”  Hie  fourth  component  on 
the  scale  asks  respondents  to  make  a  relative  judgment  about  the  ben¬ 
efits  and  po'ential  harms  of  scientific  research.  'Hie  settle  score  is  cal¬ 
culated  by  >.  Hinting  the  number  of  responses  that  represent  a  positive 
assessment  of  organized  science.  Ilie  scale  ranges  from  0  to  1.  Ilie 
value  of  n  a  scale  is  that  it  reduces  response  error  and  provides  a 
more  accurate  estimate  than  would  use  of  any  one  item  alone. 


Text  table  7-2. 

Mean  scores  on  the  Attitude  Toward  Organized 
Science  Scale 


1983 

1985 

1988 

1990 

1992 

All  adults . 

2  3 

2  5 

2.7 

2.6 

2  7 

Males . 

2.2 

2.4 

2.6 

2  5 

2  7 

Females . 

2  5 

26 

2  8 

2  8 

26 

Less  than  high  school 

degree . 

1.8 

18 

2.2 

1.8 

2.0 

High  school  degree  .  . 

2.4 

2.6 

2  8 

2.7 

2.7 

College  degree . 

2.8 

3.1 

3.2 

3.2 

3.2 

Graduate/prolessional 
degree . 

2.9 

3.1 

3  1 

3.2 

3.3 

Attentive  public . 

2.6 

2.8 

3.0 

2.8 

2.9 

Interested  public . 

2.4 

26 

2.8 

2.7 

2.8 

Residual  public . 

2.1 

2.3 

2.5 

2.5 

25 

NOTE;  Data  represent  mean  scores  on  a  scale  of  four  items. 

See  ..rrpendix  table  7-13  Science  &  Engineering  Indicators  -  1993 


more  jobs  tban  they  would  eliminate.  In  contrast,  only  19 
percent  of  Europettn  ttdults  shared  tlnit  view,  .^inong 
Americans,  39  itercent  agreed  that  more  jobs  would  be 
created  than  eliminated. 

Confidence  in  Institutional  Leadership 

Over  the  last  20  yeans,  llie  Oenera)  .Social  .Survey  ((,.ss) 
has  asked  national  samples  of  American  tidults  to  rate 
their  confidence  in  the  leadership  of  major  national  institu¬ 
tions.''  Consistently  over  this  |)eriod,  the  leadership  of 
medical  and  scientific  communities  has  btx'n  among  tlu' 
most  tnisted  in  the  nation — more  so.  for  example,  than  the 
leadership  of  the  .Supreme  Court.  (See  figure  7-9.)  In  1993 
approximately  40  (XTcent  of  American  adults  expressed  a 
high  level  of  confidence  in  the  leadership  of  thesi‘  commu¬ 
nities,  a  slight  increase  over  the  37-[X'rcent  level  in  19tM). 

'Hie  public  tends  to  regard  the  leatf  rship  of  the  jjress 
and  of  television  with  a  rtJative’y  low  level  of  confidence. 
In  the  context  of  the  above  analysis  of  infonnation  sources 
and  public  confidence  in  them,  these  results  sug.gest  that 
there  is  a  broad  and  continuing  low  level  of  trust  of  televi¬ 
sion  anti  ol  iv'wspapers  and  other  print  media,  ilit'  relative 
levt'Is  of  confidence  reported  regarding  heart  disease  and 
weight  loss  may  reflect  a  more  gt'ueric  distrust  of  media. 

Attitudes  Toward  the  Work  of  Scientists 

While  the  public  genet  ally  holds  positive  attitudes 
toward  tht'  leadership  of  organized  science  and  toward 
organized  science  as  an  institution,  they  hold  mixed 
views  of  the  work  of  scientists.  (Sc'e  figure  7-10.)  In  1992. 


Siiu'c  1!I72.  the  National  Opinion  Koscardi  C't  nicr  at  the  I  niversity 
of  t'hu  ago  has  miuliK  tcd  a  national  survi  y  of  soi  ial  altitudes,  relerred 
to  as  the  (ieneral  Social  SuiweN .  I  sing  personal  interviews,  the  (,ss  has 
collected  data  I'roin  a  national  probability  sample  of  approximately 
1,.'>IHI  individuals  annually  or  biennially.  Sei'  Davis  ami  Smith  I  iPtr’,). 
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Figure  7-9. 

Public  confidence  in  leadership  of  selected 
institutions 


Percfcritage  reporting  high  level  of  confidence 


lU'arly  W)  porct'iil  ol  Aiik-ricaiis  thoujcJit  that  scientists 
"want  to  work  on  thing's  tliat  will  make  life  be. ter  for  the 
average  person."  However,  over  50  percent  ajjreed  with 
the  statement  that  "many  scientists  maki-  up  or  falsify 
research  results  to  advance  their  careers  or  make 
money."  Hie  tendency  to  believe  that  many  scitmtists  fal¬ 
sify  results  was  only  partially  offset  by  a  recostiition  that 
the  scientific  tradition  of  repeating  other  scientists'  work 
provides  a  check  on  fraud  or  cheating;. 

Overall,  better  educated  res|)ondr“nts  were  more  likely 
to  concur  that  traditional  repetition  and  checking  will 
detect  and  prevent  fraud  and  less  likely  to  agree  that 
many  scientists  falsify  research  results.  And  approxi¬ 
mately  80  percent  of  all  adults — regardless  (if  sex  or  edu¬ 
cation  level — agreed  that  most  scientists  want  to  work 
on  things  that  will  benefit  the  average  |)erson. 

Expectations  for  S&T 

WTien  asked  to  think  about  the  likelihood  of  future  sci¬ 
entific  achievements.  Americans  display  both  optimism 
and  ix'ssimism.  (S<'e  figure  7-11.)  For  example. 


NOTE:  The  survey  was  not  conducted  In  1 979  and  1981.  and  the 
question  was  not  asked  In  1985. 

See  appendix  table  7-12.  Science  <S  Engineering  Indicators  -  1993 


Figure  7-10. 

Public  attitudes  toward  scientists:  1992 


1(X) 


Agree  that  the 
I  fact  that  scientists 
repeat  and  check 
I  each  other's  work 
prevents  fraud 


Agree  that  most 
scientists  want  to 
work  on  things 
that  will  make  lite 
be.ler 


Agree  that  many 
scientists  falsity 
research  results 
to  advance  their 
careers 


NOTE:  See  appendix  table  for  exact  wording  of  statements. 

See  a,  dix  table  7-1 5.  Science  i  Engineering  Indicators  'C93 


Figure  7-11. 

Expected  results  from  science  and  technology:  1992 


Percent 


Nuclear  Significant  Cure  90-year  Vaccine  Release 

power  deteriora-  for  average  for  of  a 
plant  tion  in  cancer  age  AIDS  dangerous 
accident  environ-  expectancy  manmade 

mental  organism 

quality 


NOTE:  See  appendix  table  for  exact »  irdings  of  statements. 

See  appendix  table  7-16.  Science  i  Engineering  Indicalors  -  1993 
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♦  4S  percent  of  Americans  think  that  medical  scien¬ 
tists  will  find  a  cure  for  the  common  forms  of  can¬ 
cer  within  the  next  25  years.  40  percent  anticipate 
the  development  of  a  vaccine  for  AIDS,  and  44  per¬ 
cent  expect  that  new  medical  technologies  will  be 
developed  to  extend  the  average  lifespan  to  90  or 
more  years  in  the  United  States:  but 

♦  nearly  half  expect  a  major  nuclear  power  plant  acci¬ 
dent  within  the  next  25  years,  half  think  that  there 
will  be  “a  significant  deterioration  in  the  quality  of 
our  environment"  over  the  next  quarter  century, 
and  a  quarter  think  it  is  very  likely  that  a  “danger¬ 
ous  manmade  organism"  will  be  released  into  the 
environment  accidentally  in  the  next  25  years. 

Clearly,  most  Americans  expect  a  mixture  of  beneficial 
and  harmful  results  from  science  and  technology. 

Consistent  with  the  previous  results,  individuals  with 
higher  levels  of  formal  education  were  more  likely  to 
anticipate  positive  results  from  science.  But  there  was 
no  significant  difference  by  level  of  education  in  the 
expectation  of  a  nuclear  power  plant  accident  or  the 
deterioration  of  the  environment.  There  was  a  weak 
relationship  between  the  level  of  education  and  the 
expectation  of  the  release  of  a  dangerous  manmade 
organism,  but  this  may  be  a  reflection,  in  part,  of  a  dif¬ 
ferential  level  of  understanding  of  the  concept  of  a 
“manmade  organism."’ 

Impact  of  S&T 

In  1985  and  1992,  national  samples  of  individuals  were 
asked  to  assess  whether  s&T  had  a  positive,  negative,  or 
no  impact  on  several  aspects  of  the  quality  of  life. 
Comparing  the  results  from  these  two  surveys  reveals  a 
very  positive  attribution  to  science  and  technology  of  a 
high  standard  of  living,  improved  working  conditions, 
improved  public  health,  and  an  increased  enjoyment  of 
life  by  individuals.  (See  figure  7-12.)  Even  in  the  case  of 
world  peace,  a  plurality  of  respondents  in  both  years 
thought  that  the  contribution  of  s&T  had  been  more  posi¬ 
tive  than  negative;  this  margin  of  difference  increased 
between  1985  and  1992. 

Individuals  with  higher  levels  of  formal  education 
tended  to  hold  more  positive  views  of  the  contribution  of 
science  and  technology  to  the  quality  of  life,  possibly 
reflecting  qualitative  differences  in  quality  of  life  experi¬ 
ences  by  the  different  education  strata  in  American  soci¬ 
ety.  There  were  no  significant  differences  between  the 
assessments  of  men  and  women  on  s&Ts  impact  on  the 
quality  of  life,  and  there  were  no  differential  changes 
between  1985  and  1992. 


.\otc  too  that  these  (lata  were  collected  before  the  movie  "Jurassic 
Park"  was  '"ased,  and  so  are  unlikely  to  reflect  the  genetic  engineer¬ 
ing  conce.  Aiptdarized  by  the  book  and  movie. 


Figure  7-12. 

Impact  of  science  and  technology  on  quality  of 
life  issuas:  1992 


Percent 


too 


80 


60 


40 


20 


0 


Standard  Public  General  Enjoyment  World 
of  living  health  working  ot  life  peace 
conditions 


I  Positive  impact 


I  I  Negative  impact 


See  appendix  table  7-17.  Science  4  Engineering  Indicators  -  1993 


Assessment  of  Benefits  and  Costs 

U.S.  Public.  Most  Americans  believe  that  science  and 
technology  have  produced  both  desirable  and  undesir¬ 
able  results,  and  expect  these  mixed  results  to  continue. 
The  public  attitude  studies  conducted  for  Science  & 
Engineering  Indicators  since  1979  have  asked  national 
samples  of  Americans  to  determine  whether,  on  balance, 
the  results  have  been  more  beneficial  or  harmful.  Their 
responses  indicate  that  at  least  7  of  10  Americans  have 
concluded  that  the  balance  has  favored  beneficial  results 
throughout  this  period.  (See  figure  7-13.)  Fewer  than 
one  in  five  Americans  reached  the  opposite  conclusion 
during  this  14-year  period. 

Seventy-three  percent  of  all  adults  in  1992  concluded 
that  the  benefits  of  scientific  research  outweighed  its 
harmful  consequences;  better  educated  respondents 
were  more  likely  to  assess  the  balance  as  strongly  favor¬ 
ing  beneficial  over  harmful  results.  This  finding  may  indi¬ 
cate  that  more  exposure  to  education  or  to  science  and 
mathematics  results  in  a  more  positive  assessment  of  the 
net  benefit  of  S&T  to  society. 

International  Comparisons.  In  comparisons  with 
other  industrial  nations,  residents  of  the  United  States 
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are  the  most  likely  to  conclude  that  the  benefits  of  scien¬ 
tific  research  have  outweighed  any  actual  or  possible 
hami,  followed  by  those  of  Denmark,  Spain,  and  France. 
(See  figure  7-14.)  Japanese  citizens  were  the  least  likely 
to  believe  that  the  benefits  outweighed  the  possible 
harms,  with  only  40  percent  of  Japanese  respondents 
holding  that  view. 

Attitudes  Toward  Government 
Spending  for  S&T 

Another  estimate  of  public  attitudes  toward  science  and 
technology  can  be  obtained  by  asking  respondents  to 
assess  government  spending  for  various  kinds  of  programs. 
Since  few  citizens  have  a  clear  understanding  of  what  the 
actual  government  expenditures  are  for  specific  programs, 
the  results  of  inquiries  about  government  spending  should 
be  taken  as  a  general  indicator  of  the  importance  that  a 
respondent  attaches  to  various  programs.^ 

Over  the  last  decade,  34  percent  of  those  surveyed 
reported  that  they  think  the  government  is  spending  too 
little  on  scientific  research,  while  fewer  than  20  percent 
indicated  that  the  government  is  spending  too  much.  (See 
figure  7-15.)  A  near  majority  of  Americans  think  that  the 


d-'or  a  variety  of  reasons — including  the  intangible,  abstract  nature 
of  the  large  sums  involved  in  federal  budgets — only  in  the  rarest  of 
cases  does  a  suivey  response  represent  a  real,  informed  budgetary 
judgment. 


Figure  7-13 

Assessments  of  scientific  research  over  time 


level  of  government  support  for  scientific  research  is  “about 
right.”  Individuals  with  high  levels  of  formal  education  and 
those  who  are  attentive  to  policy  were  more  likely  to 
think  that  the  government  is  spending  too  little  for  scien¬ 
tific  research.  (See  appendbc  table  7-20.) 

In  comparison,  a  substantial  majority  of  Americans 
reported  in  1992  that  they  thought  the  government  was 
spending  too  little  on  improving  education  (81  percent), 
improving  health  care  (79  percent),  helping  older  persons 
(73  percent),  reducing  pollution  (72  percent),  and  helping 
low-income  people  (56  percent).  Forty  percent  of 
Americans  thought  that  the  government  is  spending  too 
much  on  defense;  about  50  percent  thought  the  govern¬ 
ment  was  spending  too  much  on  space  exploration.  Taken 
as  indicators  of  support  rather  than  as  funding  judgments 
per  se  (see  above),  these  results  suggest  that  most 
Americans  favor  continuing  the  present  levels  of  support 
for  scientific  research  and  an  increased  emphasis  on  edu¬ 
cation,  health,  and  related  social  programming. 

Public  Understanding  of  Science 

In  many  nations  throughout  the  world,  there  is  broad 
agreement  that  economic,  social,  and  political  advan¬ 
tages  exist  in  increasing  the  proportion  of  the  population 
that  is  scientifically  literate  (Miller  1983b).  Setting  aside 
the  construction  of  a  single  definition  of  scientific  litera¬ 
cy,  it  is  useful  to  look  at  the  level  of  public  understanding 
of  major  terms  and  concepts  in  basic  science,  in  bio¬ 
medicine,  and  in  ecology. 


Percent 
100 
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60 


40 


20 


0 


NOTES:  Sunrey  was  only  conducted  in  years  shown.  Data  reflect 
responses  of  people  saying  that  benefits  (harms)  exceed  or  strongly 
exceed  harms  (benefits). 

See  ar-  -'dix  table  7-18.  Science  S  Engineering  Indicators  -  1993 


■  Benefits  of  scientific  research  are 
greater  than  harmful  results 

□  Harmful  results  of  scientific 
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Figure  7-14. 

Assessments  of  scientific  research, 
by  country:  1992 
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Percentage  of  public  saying  that  benefits  of  scientific 
research  are  greater  than  its  harmful  results 


NOTE:  Japanese  data  are  for  1991. 

See  appendix  table  7-14.  Science  i  Engineering  Indicators  -  1993 
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Figure  7-15. 

Preferences  for  government  spending:  1992 
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NOTE:  See  appendix  table  for  exact  wordings  of  statements. 

See  appendix  table  7-1 9  and  7-20.  Science  A  Engineering  Indicators  -  f  999 


Understanding  of  Scientific  Terms  and 
Concepts 

The  process  of  information  acquisition  in  today’s 
world  requires  citizens  to  be  able  to  read  about  current 
developments  in  science  and  technology.  One  prerequi¬ 
site  for  effective  information  acquisition  about  S&T  is  the 
possession  of  a  basic  vocabulary  of  scientific  terms  and 
concepts.  The  1992  Science  &  Engineering  Indicators 
study  included  a  set  of  questions  on  basic  scientific 
terms  and  concepts  to  use  in  understanding  key  aspects 
of  the  our  world.  (See  figure  7-16.) 

U.S.  Public.  A  substantial  majority  of  Americans 
understood  that  oxygen  comes  from  plants,  that  the  cen¬ 
ter  of  the  earth  is  very  hot,  that  continents  move  on  the 
surface  of  the  Earth  (i.e.,  plate  tectonics),  that  light  trav¬ 
els  faster  than  sound,  and  that  all  radioactivity  is  not 
manmade.  However,  fewer  than  half  of  the  respondents 
knew  that  the  earth  travels  around  the  sun  once  a  year 
or  that  electrons  are  smaller  than  atoms;  about  the  same 
proportion  did  not  accept  the  idea  of  evolution.  While  the 
responses  indicate  some  understanding  of  the  planet,  a 
majority  of  adults  apparently  do  not  understand  the 
nature  of  the  solar  system  or  the  origins  of  stars  or 
galaxies.  The  American  understanding  of  science  is, 
indeed,  rather  earthbound. 

International  Comparisons.  The  United  States 
ranked  in  the  top  third  of  the  countries  fi’om  which  data 
are  available  on  public  understanding  of  scientific  terms 
and  concepts.  Using  a  set  of  12  items  to  gauge  public 
understanding,  the  United  States  ranked  fourth,  trailing 
Denmai  he  United  Kingdom,  and  France.  (See  figure 


7-17.)  Across  the  12  items,  U.S.  respondents  had  a  mean 
percentage  correct  of  58  percent,  compared  to  55.5  per¬ 
cent  for  the  European  Community. 

In  the  1991  Japanese  study,  only  6  of  these  12  items 
were  asked.  (See  appendix  table  7-22  for  the  exact  com¬ 
ponents  of  the  6-  and  12-item  scales.)  A  similar  mean 


Figure  7-16. 

Knowledge  of  basic  scientific  terms 
and  concepts:  1992 
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comes  from  plants 
The  center  of  the 
earth  is  very  hot 

The  continents  are  moving  slowly 
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Percentage  answering  correctly 


See  appendix  table  7-21 .  Science  and  Engineering  Indicalors- 1993 
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Figure  7-17. 

Knowledge  of  besic  scientific  terms  and  concepts,  by  country:  1992 
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Mean  percentage 

NOTES:  Respondents  demonstrated  their  understanding  of  6  or  12  basic  scientific  and  technical  terms  and  concepts  (see  appendix  table  for  exact  question 
wording):  data  reflect  mean  percentage  correct  for  respondents  within  each  country.  Japanese  data  are  for  1991 :  no  data  are  available  for  Japan  on  the 
12-item  scale. 

See  appendix  table  7-22.  Science  S  En0neering  Indicators  -  1993 
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percentage  correct  score  was  calculated  for  all  14  coun¬ 
tries  on  these  six  items.  On  this  shorter  index,  the 
United  States  ranked  fifth,  following  Denmark,  the 
United  Kingdom,  France,  and  the  Netherlands.  Japan 
ranked  12th  on  this  scale,  with  a  mean  percentage  cor¬ 
rect  of  41  percent. 

Understanding  of  Biomedical  Terms 
and  Concepts 

To  understand  public  policy  discussions  and  to  make 
decisions  concerning  personal  health,  it  is  increasingly 
useful  for  an  individual  to  understand  basic  genetic  and 
biological  concepts.  A  1993  national  study  cosponsored 
by  NIH  and  n.sf  asked  respondents  about  a  set  of  basic 
biomedical  terms  and  concepts.  The  results  indicate  a 
generally  higher  level  of  comprehension  than  the  pre¬ 
ceding  set  of  scientific  terms  and  concepts,  but  there  are 
still  important  areas  of  misunderstanding. 

Over  80  percent  of  adults  understood  that  not  all  bac¬ 
teria  are  harmful  to  human  beings,  and  77  percent  recog¬ 
nized  that  the  human  immune  system  can  protect  indi¬ 
viduals  from  both  viruses  and  bacteria.  (See  figure  7-18.) 
Previous  Science  &  Engineering  Indicators  studies  found 
that  only  35  percent  of  American  adults  knew  that  antibi¬ 
otics  do  not  kill  viruses. 

About  75  percent  of  Americans  knew  that  human  intel¬ 
ligence  is  not  related  to  the  size  of  the  brain,  and  63  per¬ 
cent  thought  that  the  process  of  evolution  is  continuing 
presently.  This  latter  response  is  confusing,  since  only 
41  per  t  of  respondents  in  the  same  1993  study  indi¬ 


cated  that  they  thought  human  beings  had  developed 
from  earlier  species  of  animals.  In  any  case,  these  results 
suggest  that  there  exists  a  substantial  level  of  confusion 
in  the  public  about  the  scope  and  nature  of  evolution. 

Six  of  ten  Americans  thought  that  DNA  regulates  inher¬ 
ited  characteristics  in  both  plants  and  animals,  but  in  a 
separate  open-ended  question  about  the  meaning  of  DNA, 
only  20  percent  of  respondents  could  provide  a  response 
that  included  the  regulation  of  heredity.  In  the  open- 
ended  format,  an  additional  20  percent  could  link  DNA  to 
the  words  “gene”  or  “chromosome,”  but  it  was  unclear 
from  the  total  response  whether  they  understood  the 
linkage  to  inheritance.  From  these  results,  it  appears 
that  an  increasing  proportion  of  Americans  are  becom¬ 
ing  familiar  with  the  term  DNA  and  the  concept  of  genetic 
control  of  inherited  characteristics,  but  that  many  adults 
are  still  confused  about  these  concepts. 

Understanding  of  Environmental  Terms 
and  Concepts 

As  governments  struggle  to  understand  and  cope  with 
environmental  issues — from  the  thinning  of  the  ozone 
layer  to  the  pollution  of  the  oceans — it  will  be  important 
for  a  significantly  large  segment  of  the  public  to  under¬ 
stand  both  the  nature  of  environmental  problems  and 
the  available  public  policy  alternatives.  In  this  context, 
the  1992  Science  &  Engineering  Indicators  study  included 
a  set  of  questions  to  measure  the  understanding  of 
selected  environmental  terms  and  concepts.  (See 
“Environmental  Interest  and  Knowledge  in  the  Pmropean 
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Community  and  the  United  States”  for  international  com¬ 
parisons  in  this  area.) 

The  results  of  the  1992  study  point  to  substantial  gaps 
in  the  public  understanding  of  environmental  science  con¬ 
cepts.  When  asked  in  an  open-ended  format  to  explain  the 
causes  of  acid  rain,  only  8  percent  of  American  adults 
could  provide  a  minimally  correct  response  and  an  addi¬ 
tional  5  percent  could  provide  some  general  description  of 
its  effects.  (See  figure  7-19.)  Nearly  40  percent  referred  to 
acid  rain  as  a  form  of  pollution,  but  could  provide  no  addi¬ 
tional  details  about  its  origins  and  consequences. 

A  larger  proportion  of  the  public  was  able  to  demon¬ 
strate  a  minimal  understanding  of  the  thinning  of  the 
ozone  layer.  When  asked  a  series  of  open-ended  ques¬ 
tions  about  the  thinning  of  the  ozone  layer,  25  percent  of 
American  adults  could  provide  a  minimally  acceptable 
explanation  for  the  thinning  of  the  layer,-'  and  42  percent 
were  able  to  describe  correctly  some  of  its  harmful  con¬ 
sequences.  (See  figure  7-19.)  However,  only  7  percent  of 
respondents  could  correctly  identify  the  location  of  the 
major  thinning — or  hole — in  the  ozone  layer. 

‘“Correct"  in  this  case  refers  to  the  ability  to  describe  correctly  the 
roles  of  chlorofluorocarbons  (Cf'cs)  or  chlorine  atoms  in  the  process  of 
creating  the  hole,  or  the  ability  to  identify  the  technologies — aerosol 
sprays,  refrigerants,  and  styrofoam  manufacturing — that  release  most 
of  the  CFCs. 


When  asked  a  series  of  true-false  questions  about 
environmental  issues,  73  percent  of  adults  agreed  that  a 
hole  in  the  ozone  layer  would  cause  skin  cancer,  and  89 
percent  agreed  that  acid  rain  would  damage  forests. 
Forty-five  percent  agreed  that  the  greenhouse  effect 
could  raise  the  level  of  the  oceans.  But  only  16  percent 
recognized  that  car  exhaust  fumes  do  not  contribute  to 
the  acid  rain  problem. 

These  results  point  to  a  high  level  of  public  concern 
about  the  environment,  albeit  with  certain  significant 
misunderstandings  about  basic  terms  and  concepts.  Acid 
rain  appears  to  be  seen  as  a  negative  phenomenon  asso¬ 
ciated  with  pollution,  but  it  is  poorly  understood.  There 
is  a  reasonably  high  level  of  awareness  of  the  health  dan¬ 
gers  entailed  by  a  thinning  of  the  ozone  layer,  but  there 
is  less  understanding  of  its  causes  or  location. 

Understanding  of  the  Scientific  Approach 

Several  Science  and  Engineering  Indicators  studies  have 
included  items  concerning  the  understanding  of  the  scien¬ 
tific  process.  Both  the  1992  Science  and  Engineering 
Indicators  study  and  the  1993  NlH-NSF  study  included 
questions  probing  knowledge  in  this  area.  Each  respon¬ 
dent  was  asked  to  define  the  meaning  of  a  scientific  study; 
these  open-ended  responses  were  coded  independently. 


Figure  7-18. 

Knowledge  of  biomedical  terms  and  concepts:  1993 
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NOTE:  See  appendix  table  for  exact  wordings  of  statements. 
See  appendix  table  7-23. 
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Responses  that  characterized  a  scientific  study  as  build¬ 
ing  theory,  seeking  to  falsify  or  test  hypotheses,  doing 
experimental  studies,  or  engage  in  careful  comparative 
study  were  classified  as  correct.  Responses  that  charac¬ 
terized  science  only  in  terms  of  measurement  were  clas¬ 
sified  as  incorrect,  as  were  answers  like  “what  scientists 
do  in  their  laboratories.”  Using  this  coding  scheme, 
about  one  in  five  American  adults  was  able  to  provide  an 
acceptable  definition  of  a  scientific  study  (Miller.  1991  and 
Miller  and  Pifer.  1993b). 

In  the  1993  MH  study,  each  respondent  was  presented 
with  this  problem: 

“Two  scientists  want  to  know  if  a  certain  drug  is 
effective  against  high  blood  pressure.  The  first  sci¬ 
entist  wants  to  give  the  drug  to  1.000  people  with 
high  blood  pressure  and  see  how  many  of  them 
experience  lower  blood  pressure  levels.  The  sec¬ 
ond  scientist  wants  to  give  the  drug  to  .WO  people 
with  high  blood  pressure,  and  not  give  the  drug  to 
another  .500  people  with  high  blood  pressure,  and 
see  how  many  in  both  groups  experience  lower 
blood  pressure  levels.  Which  is  the  better  way  to 
test  this  drug?" 


Figure  7-19. 

Knowtedge  of  environmental  terms  and 
concepts:  1992 
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Seventy-six  percent  of  the  respondents  said  that  the 
second  approach  was  the  best.  On  the  surface,  this 
would  suggest  that  most  people  understand  the  concept 
of  control  groups.  To  explore  the  level  of  understanding 
behind  this  choice,  each  respondent  was  asked  to 
explain,  in  an  open-ended  format,  why  their  choice  was 
the  better  one.  In  this  context,  only  36  percent  of  the 
respondents  in  the  study  were  able  to  describe  the  use  of 
a  control  group  and  explain  the  reasons  for  this  choice. 
An  additional  13  percent  who  had  selected  the  two-group 
choice  did  not  provide  any  reason  for  the  choice.  And  24 
percent  who  had  selected  the  two-group  study  provided 
incorrect  explanations.  Eight  percent  of  the  respondents 
indicated  that  they  selected  the  single  group  because 
they  thought  that  1.000  cases  would  be  better  than  500. 
and  4  percent  rejected  the  control  group  choice  because 
they  did  not  want  to  deny  the  medicine  to  persons  with 
high  blood  pressure.'" 

The  results  of  these  two  questions  indicate  that  the  pub¬ 
lic’s  understanding  of  the  scientific  process  is  complex  and 
difficult  to  measure.  Closed-ended  questions  may  tend  to 
overestimate  the  real  level  of  understanding,  but  open- 
ended  questions  pose  different  problems  in  the  probing  and 
coding  of  the  responses.  Although  more  work  is  needed  in 
this  area,  evidently  not  more  than  a  third  of  American  adults 
have  a  minimal  understanding  of  scientific  processes. 


'■  .Not*-  that  current  medical  research  would  most  likely  focus  on 
compariiiK  two  studies  of  .available  therapies  and  new  therapies  and 
would  be  unlikely  to  include  a  control  uroup  in  which  patients  with  an 
illness  or  condition  received  no  therapy  at  all.  However,  this  question 
was  constructed  to  measure  the  public’s  underslandinif  of  a  conirol 
Kroup.  Ill  ■  ’  eir  understanding  of  control  study  desiKn. 


’Responses  were  collected  in  an  open-ended  format  in  the  telephone 
interview. 

See  appendix  tables  7-24,  7-25,  and  7-26. 
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Youth  Understanding  and  Attitudes 

Tomorrow's  adults  are  today’s  elementary  and  sec¬ 
ondary  school  students.  Indepth  analyses  point  to  seri¬ 
ous  and  continuing  problems  in  the  achievement  levels 
attained  by  U..S.  students  in  science  and  mathematics." 
The  strong  positive  relationship  observed  in  the  Science 
&  Engineering  Indicators  data  between  the  number  of  high 
school  and  college  science  and  mathematics  courses 
taken  and  adult  understanding  of  scientific  terms  and  con¬ 
cepts  demonstrates  the  important  link  between  school  sci¬ 
ence  achievement  and  adult  understanding  of  science. 

The  Longitudinal  Study  of  American  Youth  (lsay) 
which  provides  information  on  high  school  seniors  has 
been  monitoring  the  development  of  middle  school  and 
high  school  student  attitudes  toward  and  achievement  in 
science  and  mathematics  over  the  last  7  years.'-  To  paral¬ 
lel  the  adult  Science  and  Enginering  Indicators  studies, 


"See  chapler  1,  "Student  Achievement."  for  more  detail;  also  see 
Koretz  (1991)  and  Research,  Evaluation,  and  Dissemination  Division 
(1993),  chapter  1. 

'-'LSAY  is  a  two-strand  longitudinal  study  of  a  national  sample  of  public 
middle  and  high  school  students.  Beginning  in  fall  1987.  approximately 
."{.(XKI  7th  grade  and  3, (XX)  10th  grade  students  have  been  monitored 
regarding  their  atti'udes.  achievement,  and  career  plans  vis-a-vis  sci¬ 
ence  and  mathematics.  In  addition  to  student  achievement  tests  and 
attitudinal  questionnaires,  information  has  been  collected  each  year 
from  e.ich  student's  mathematics  and  science  teachers  and  from  one 
parent.  l.s,\Y  is  supported  by  an  Nsr  grant. 
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Environmental  Interest  and  Knowledge  in  the  European  Community  and  the  United  States 


Nearly  60  percent  of  the  citizens  of  the  European 
Community  and  the  United  States  reported  that  they 
were  very  interested  in  environmental  issues,  in  paral¬ 
lel  national  studies  conducted  in  late  1992.  (See  text 
table  7-3.)  Additionally,  about  a  quarter  of  both 
Europeans  and  Americans  indicated  that  they  felt 
“very  well-informed”  about  these  issues. 

When  asked  to  rate  their  level  of  understanding  of 
several  important  environmental  concepts,  a  higher  pro¬ 
portion  of  European  Community  adults  were  willing  to 
classify  themselves  as  having  a  clear  understanding  than 
were  Americans.  For  example,  regarding  the  hole  in  the 
ozone  layer,  44  percent  of  European  adults,  compared  to 
30  percent  of  American  adults,  reported  that  they  had  a 
clear  understanding  of  the  problem.  Similar  patterns 
were  found  for  the  level  of  understanding  of  acid  rain,  air 
pollution,  global  warming,  and  the  greenhouse  effect 

Looking  at  the  more  objective  measures  of  environ¬ 
mental  knowledge  available  for  Europe  and  the  United 
States,  a  similar  pattern  was  found.  A  higher  percent¬ 
age  of  European  respondents  provided  correct 
responses  to  most  items  than  did  the  Americans.  Over 
30  percent  of  European  adults,  for  example,  knew  the 
location  of  the  most  serious  thinning  of  the  ozone 
layer,  compared  to  17  percent  of  American  adults. 
Similarly,  81  percent  of  European  adults  recognized 
that  the  thinning  of  the  ozone  layer  can  cause  skin  can¬ 
cer,  compared  to  73  percent  of  Americans.  The  margin 
of  difference  between  the  Europeans  and  the 
Americans  is  not  large,  but  it  is  consistent  across  envi¬ 
ronmental  knowledge  questions.  These  differences 
may  provide  an  opportunity  to  study  more  carefully 
the  origins  of  public  interest  in  public  policy  issues, 
the  perception  of  knowledgeability,  and  the  acquisition 
of  relevant  scientific  and  technical  information. 


Text  table  7-3. 

Adult  interest  in  and  knowledge  about  environmental 
issues  and  concepts:  1992 

European  United 
Community  States 


Percent 

Interest  in  environmental  issues 

Very  interested .  56  59 

Moderately  interested .  38  36 

Not  very  interested .  6  5 

Informed  about  environmental  issues 

Very  well-informed .  25  29 

Moderately  well-informed .  60  56 

Poorly  informed .  14  15 

Subjective  environmental  knowledge 

Acid  rain .  40  32 

Air  pollution .  57  52 

Global  warming .  37  27 

The  hole  in  the  ozone  layer .  44  30 

The  greenhouse  effect .  40  27 

Objective  environmental  knowledge 

Location  of  hole  in  ozone  layer .  31  17 

Hole  in  ozone  layer  can  cause 

skin  cancer .  81  73 

Greenhouse  effect  can  reduce 

deserts .  47  32 

Greenhouse  effect  can  raise  sea  level . .  59  45 

Acid  rain  can  cause  damage  to 

forests .  90  89 

Car  exhausts  have  nothing  to  do  with 
acid  rain .  20  16 


N  =12,800  2,001 

NOTES:  There  were  slight  variations  in  the  wording  of  the  questions 
between  the  European  Community  and  U.S.  samples.  The  items  measuring 
subjective  and  objective  knowledge  were  asked  of  a  random  half  of  the  U.S. 
sample  (N  =  1 ,004).  Percentages  for  the  subjective  items  represent  those 
reporting  “clear  understanding.'  Percentages  for  the  objective  items  repre¬ 
sent  percent  correct. 

SOURCE;  J.D,  Miller  and  L.K.  Pifer,  1993a. 
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high  school  seniors  in  1990  and  1993  were  asked  a  set  of 
attitude  and  knowledge  items  identical  to  those  asked  of 
adults. 

Understanding  of  Selected  Terms  and  Concepts 

In  both  1990  and  1993,  LSAY  gauged  seniors'  under¬ 
standing  of  common  scientific  concepts  such  as  evolu¬ 
tion,  continental  drift,  and  the  nature  of  scientific  theory. 
(.See  figure  7-20.)  In  almost  every  area,  the  perfonnance 
of  the  1993  high  school  seniors  was  lower  than  that  of  the 
1990  senifirs. 

In  1993,  75  percent  of  the  seniors  agreed  that  smoking 
causes  serious  health  problems — a  relatively  low  propor¬ 
tion,  given  the  extensive  media  and  societal  focus  on  this 
issue.  In  fact,  a  full  quarter  of  the  students  surveyed  had 
some  d  ts  about  the  health  hazards  of  smoking. 


Responses  to  three  other  statements  reveal  a  high 
degree  of  student  misunderstanding  or  uncertainty 
regarding  generally  accepted  scientific  constructs. 

♦  Only  a  third  of  1993  high  school  seniors  accepted 
the  concept  of  evolution:  almost  a  quarter  did  not. 

♦  Only  44  percent  agreed  that  life  could  have  devel¬ 
oped  on  other  planets. 

♦  Only  37  percent  rejected  the  idea  of  lucky  numbers. 

Students  exhibited  much  uncertainty  in  their  responses. 
About  a  third  of  the  1993  respondents  answered  “don’t 
know"  to  six  of  the  seven  statements. 

On  the  other  hand,  the  results  indicate  that  slightly 
more  than  60  percent  of  high  school  seniors  in  1990  and 
1993  recognized  fhat  a  scientific  theory  reflects  scien¬ 
tists'  best  understanding  of  how  something  works;  and 
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Figure  7-20. 
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NOTE:  See  appendix  table  for  exact  wordings  of  statements. 
See  appendix  table  7*27. 
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about  the  same  proportion  of  1990  and  1993  seniors 
understood  that  scientific  theories  will  change  from  time 
to  time.  These  results  suggest  that  a  larger  proportion  of 
recent  high  school  graduates  than  of  comparable  sam¬ 
ples  of  U.S.  adults  understand  the  scientific  process. 

Attitudes  Toward  S&T'^ 

While  high  school  seniors  in  1990  and  1993  displayed 
a  generally  positive  attitude  toward  science  and  technol¬ 
ogy,  there  were  signs  of  reservation  and  wariness.  Sixty- 
two  percent  of  1993  seniors  agreed  with  the  statement 
that  “scientific  invention  is  largely  responsible  for  our 
standard  of  living  in  the  United  States.”  In  contrast,  85 
percent  of  the  adult  population  agreed  that  “science  and 
technology  are  making  our  lives  healthier,  easier,  and 
more  comfortable.”'^  (See  figure  7-21  and  appendix  table 


'The  altitudinal  portion  of  the  nsAY  study  included  some  attitude 
items  that  had  been  previously  used  in  national  adult  studies  in  the 
United  States  and  other  countries.  The  wording  is  identical  for  most 
items;  there  are  minor  differences  on  some  items. 

'^Note  that  although  the  LSAY  and  adult  questions  are  not  identical, 
they  hot''  'ovide  information  on  views  of  the  role  of  s&T  regarding 
general  v  oeing. 


7-13.)  In  both  1990  and  1993,  only  3  percent  of  students 
disagreed  that  s&T  had  made  a  major  contribution  to  the 
standard  of  living,  but  there  was  an  increased  level  of 
uncertainty  in  their  responses. 

There  is,  however,  no  evidence  of  a  growth  in  negative 
attitudes  toward  s&T  among  high  school  students.  Only  a 
quarter  of  public  high  school  seniors  in  1990  and  1993 
thought  that  “science  is  making  our  way  of  life  change 
too  fast.”  and  about  the  same  proportion  was  willing  to 
agree  that  “because  of  their  knowledge,  scientific 
researchers  have  a  power  that  makes  them  dangerous.” 
Fewer  than  10  percent  of  public  high  school  seniors  in 
1990  and  1993  overtly  disagreed  that  “scientific 
researchers  are  dedicated  people  who  work  for  the  good 
of  humanity.”  (See  figure  7-21.) 

Most  (52  percent)  high  school  seniors  were  uncertain 
about  the  potential  impact  of  computers  and  automation 
on  jobs,  and  the  balance  was  almost  evenly  divided 
between  optimists  and  pessimists.  Among  1993  seniors, 
26  percent  indicated  that  they  expected  computers  and 
factory  automation  to  create  more  jobs  than  they  would 
eliminate,  while  22  percent  disagreed  with  that  idea.  The 
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Figure  7-21 . 

Attitudes  toward  science  and  technoiogy  among  high  school  seniors 
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See  appendix  table  7-28. 
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majority  (55  percent)  of  U.S.  adults  surveyed  on  this 
issue  in  the  1992  Science  &  Engineering  Indicators  study 
expected  computers  and  automation  to  eliminate  more 
jobs  than  they  would  create;  about  40  percent  took  the 
view  that  more  jobs  would  be  created.  Among  adults, 
however,  only  6  percent  responded  that  they  did  not 
know  what  the  potential  impact  would  be. 

Parallel  to  these  slightly  heightened  reservations  about 
the  impact  of  computers  and  automation,  the  LSAY  results 
point  to  a  modest  decline  in  the  belief  that  there  wilt  be  a 
technological  solution  to  almost  any  future  problem.  A  third 
of  1990  public  school  seniors  agreed  that  "new  inventions 
will  always  be  found  to  counteract  any  harmful  conse¬ 
quences  of  technological  development,”  while  70  percent 
overtly  disagreed  with  the  statement  and  48  percent  were 
uncertain.  Three  years  later,  only  25  percent  of  1993  seniors 
agreed  with  this  statement,  and  55  percent  were  uncertain. 

When  asked  to  assess  the  balance  of  benefits  and 
harms  from  science  and  technology,  44  percent  of  1993 
high  school  seniors  thought  that  s&T  caused  more  good 
than  harm,  but  19  percent  of  seniors  in  both  years  dis¬ 
agreed  with  that  view.  In  contrast,  73  percent  of  adults  in 
1992  th  ght  the  benefits  of  scientific  research  were 


greater  than  any  harms,  with  only  17  percent  taking  the 
opposing  view.'  ■ 

Looking  at  the  broader  sets  of  results  in  the  LSAY  and 
adult  studies,  it  is  apparent  that  a  substantially  larger  pro¬ 
portion  of  students  have  not  yet  developed  an  attitude 
toward  s&T.  As  these  students  progress  into  work  and/or 
college,  they  will  acquire  more  experiences  and  informa¬ 
tion,  and  it  is  likely  that  the  proportion  holding  attitudes 
on  these  issues  will  continue  to  increase  during  their 
young  adult  years.  On  the  other  hand,  the  increased  level 
of  uncertainty  between  the  1990  and  1993  seniors  cannot 
be  explained  developmentally. 


'  There  are  minor  differences  in  the  wording  and  data  collection  for 
this  item  between  the  adult  and  student  samples.  In  t.sAY,  the  students 
were  asked  on  a  printed  questionnaire  to  strongly  agree,  agree,  dis¬ 
agree.  strongly  disagree,  or  indicate  that  they  were  uncertain  about 
the  statement  "Overall,  science  and  technology  have  caused  more 
good  than  harm."  The  adult  data  were  collected  by  telephone  interview 
(wording  of  the  adult  question  is  contained  in  appendix  table  7-18).  In 
the  adult  interview,  a  response  of  about  equal  or  uncertain  was  accept¬ 
ed.  but  not  offered.  Kven  given  these  differences  between  the  two 
questions,  the  magnitude  of  the  differences  in  student  and  adult 
resitonses  cannot  be  attributed  to  methodology  alone. 
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Chapter  7,  Science  and  Technology:  Public  Attitudes  and  Public  Understanding 


Conclusion: 

The  Public  Context  of  Science 

On  balance,  most  Americans  continue  to  hold  positive 
views  of  science  and  technology,  expecting  continued 
advances  in  health,  communication,  and  other  fields. 
There  is  a  moderately  high  level  of  interest  in  new  scien¬ 
tific  discoveries  and  the  use  of  new  inventions  and  tech¬ 
nologies,  and  a  very  high  level  of  interest  in  new  medical 
discoveries.  The  vast  majority  of  Americans  continue  to 
have  reservations  about  their  understanding  of  scientific 
and  technical  concepts,  and  objective  measurements  of 
their  knowledge  suggest  that  these  reservations  are  real¬ 
istic.  About  15  percent  of  Americans  follow  s&T  issues  in 
the  news  and  try  to  stay  up  to  date  on  these  matters. 
These  attentive  citizens  know  somewhat  more  about  sci¬ 
ence  and  technology  and  hold  even  more  positive  atti¬ 
tudes  toward  s&T  than  other  citizens.  In  the  context  of  a 
specialized  political  system,  this  attentive  public  repre¬ 
sents  a  reasonable  core  of  citizen  support. 

It  appears  that  citizens  interested  in  s&T  are  active 
readers  and  viewers  of  news  and  information  on  these 
subjects.  At  the  same  time,  most  citizens  expressed  a 
low  level  of  trust  in  many  widely  used  information 
sources,  especially  television.  This  set  of  results  makes 
the  communication  of  scientific  information  problemat¬ 


ic — the  most  widely  used  information  channels  are  the 
least  trusted.  Clearly,  this  is  an  area  that  needs  more 
analysis  and  examination. 

There  is  some  public  awareness  of  the  issues  of  integri¬ 
ty  and  fraud  in  scientific  work,  but  the  public  appears  to 
take  a  reasonably  balanced  view  of  the  problem.  Most  cit¬ 
izens  think  that  there  are  some  scientists  who  falsify 
results  for  professional  or  personal  gain,  but  there  is  no 
indication  that  this  is  viewed  as  an  especially  acute  prob¬ 
lem.  Responses  indicate  that  confidence  in  the  leadership 
of  the  scientific  community  has  increased  over  the  last 
few  years,  and  in  fact,  this  confidence  level  is  one  of  the 
highest  for  professional  groups  in  American  society. 

Analyses  of  the  graduating  high  school  classes  of  1990 
and  1993  point  to  deficiencies  concerning  both  substan¬ 
tive  knowledge  about  science  and  understanding  of  sci¬ 
ence  and  technology  in  society.  These  recent  high  school 
graduates  demonstrated  more  reservations  about  the 
future  impact  of  s&T  than  the  present  generation  of 
American  adults.  More  than  overtly  inaccurate  informa¬ 
tion,  there  was  a  pervasive  absence  of  any  information  at 
all  on  numerous  subjects.  As  noted  elsewhere,  the  avail¬ 
able  information  concerning  student  attitudes  and  stu¬ 
dent  understanding  of  science  and  mathematics  points  to 
a  need  for  the  continuation  of  present  efforts  to  reform 
and  improve  the  school  experience  in  these  areas. 
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Student  reports  of  the  importance  of  their  performance  on  the  NAEP  methematics  test,  by  sex,  race/ethnicity,  and  grade:  1992 
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Science  &  Engineering  Indicators  -  1993 


Appendix  table  1-3. 

Average  scores  by  percentile  for  the  NAEP  mathematics  test,  by  sex  and  race/ethnIcIty  for  age  9: 1978-90 


Percentile  1978  1982  1986  1990 

All  students 


5th .  157.1  (1.0)  159.3  (1.8)  163.0  (1.3)  173.3  (2.6) 

10th .  171.1  (1.2)  173.2  (1.8)  176.7  (1.5)  185.8  (2.2) 

25th .  194.6  (1.0)  196.0  (1.1)  199.0  (1.6)  207.8  (1.3) 

50th .  220.1  (1.0)  220.4  (1.2)  223.3  (1.1)  231.1  (0.9) 

75th .  243.7  (0.9)  243.3  (1.4)  245.6  (1.2)  252.5  (0.7) 

90th .  264.0  (1.2)  262.7  (1.0)  264.2  (1.3)  271.0  (1.0) 

95th .  275.7  (1.2)  273.8  (1.3)  275.5  (1.2)  282.1  (1.3) 


Males 


5th .  154.9  (2.3)  156.4  (2.1)  162.7  (2.0)  171.8  (2.5) 

10th .  169.0  (1.3)  170.2  (1.4)  176.1  (1.7)  184.6  (2.1) 

25th .  192.8  (1.0)  193.0  (1.5)  198.6  1.6  206.7  (1.2) 

50th .  218.4  (0.9)  218.6  (1.7)  223.0  (1.0)  230.4  (1.0) 

75th .  243.0  (1.1)  242.3  (1.6)  245.7  (1.6)  252.4  (0.8) 

90th .  263.8  (1.2)  262.2  (1.2)  265.1  (1.9)  271.6  (1.8) 

95th .  275.2  (1.1)  273.6  (1.9)  276.4  (2.1)  282.8  (1.7) 


Females 


5th .  159.4  (1.3)  162.8  (1.7)  163.5  (2.3)  174.5  (2.8) 

10th .  173.1  (2.0)  176.6  (1.6)  177.5  (2.6)  187.0  (2.7) 

25th .  196.4  (1.2)  198.9  (1.8)  199.0  (1.8)  208.9  (1.3) 

50th .  221.5  (1.0)  222.2  (1.1)  223.5  (1.1)  231.8  (1.0) 

75th .  244.3  (1.5)  244.2  (1.4)  245.5  (1.5)  252.7  (1.0) 

90th .  264.2  (1.4)  263.1  (1.0)  263.3  (1.6)  270.4  (1.3) 

95th .  276.1  (1.8)  273.9  (1.7)  274.2  (2.0)  281.4  (1.1) 


Whites 


5th .  166.3  (1.5)  168.1  (1.4)  170.6  (2.4)  181.8  (2.4) 

10th .  179.4  (1.5)  180.8  (1.7)  183.9  (1,7)  194,0  (1.6) 

25th .  201.4  (1.1)  201.9  (1.3)  205.3  (1.1)  214.6  (0.9) 

50th .  225.1  (1.0)  225.3  (1.4)  228.3  (1.1)  214.6  (0.9) 

75th .  247.7  (0.8)  246.8  (0.9)  249.6  (0.8)  256.4  (0.6) 

90th .  267.0  (1.1)  265.3  (1.0)  267.4  (1.2)  274,5  (0,8) 

95th .  278.4  (1.7)  276.0  (1.3)  278.2  (1.8)  284.8  (2.1) 


Blacks 


5th .  133.7  (1.9)  136.7  (2.5)  146.2  (3.2)  156.0  (1.7) 

10th .  147.0  (1.7)  150.4  (2.3)  158,4  (4,9)  167.1  (3.7) 

25th .  169.3  (1.9)  172,5  (2,0)  180.5  (4.1)  186.0  (4.1) 

50th .  193.0  (1.1)  196.6  (2.0)  202,9  (1.6)  208.4  (3.1) 

75th .  216.4  (1.6)  218.2  (2.0)  223.6  (2.0)  231.4  (2.1) 

90th .  236.1  (1.6)  235.7  (2.5)  241.2  (1.7)  248.9  (2.9) 

95th .  247.5  (1.4)  247.9  (2.8)  251.3  (1.3)  258.9  (4.3) 


HIspanics 


5th .  144.4  (5.4)  148.1  (2.8)  154.8  (3.7)  161.8  (3.4) 

10th .  156.3  (3.7)  160.8  (3.2)  163.8  (1.8)  173.4  (1.4) 

25th .  178.7  (3.2)  181.3  (2.3)  184.5  (3.2)  193.1  (3,6) 

50th .  204.3  (3.0)  205.2  (1.6)  206.3  (2,4)  216.2  (4.1) 

75th .  227.2  (2.5)  226.5  (2.0)  226.0  (3.8)  251 .7  (3.4) 

90th .  249.5  (4.0)  246.4  (3.4)  244.8  (3.8)  251.7  (3.4) 

95th .  259.6  (4.6)  256.6  (2.9)  254.4  (4.6)  262.2  (3.5) 


NAEP:  National  Assessment  of  Educational  Progress 
NOTE;  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics,  1991). 

See  figure  1-2.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  1-4. 

Average  scores  by  percentile  for  the  NAEP  mathematics  test,  by  sex  and  race/ethnicity  for  age  13;  1978-90 


Percentile  1978  1982  1986  1990 


All  students 


5th .  198.2  (1.6)  212.4  (2.7)  218.3  (1.8)  217.6  (2.2) 

10th .  213.3  (1.5)  225.3  (1.6)  230.0  (1.4)  230.2  (1.4) 

25th .  238.1  (1.3)  246.2  (1.2)  248.3  (1.8)  249.8  (0.9) 

50th .  265.2  (1.1)  269.5  (1.0)  268.7  (1.3)  270.9  (1.0) 

75th .  291.1  (1.1)  291.6  (1.1)  289.6  (1.3)  291.7  (1.0) 

90th .  313.4  (1.2)  310.8  (1.2)  309.2  (1.5)  309.9  (1.0) 

95th .  326.6  (1.3)  322.2  (1.2)  320.5  (2.2)  320.1  (1.6) 


Males 


5th .  195.8  (1.4)  211.5  (2.2)  218.0  (1.8)  215.5  (2.1) 

10th .  211.4  (1.4)  224.3  (2.0)  229.5  (1.7)  228.6  (2.0) 

25th .  236.7  (1.4)  246.1  (1.5)  248.9  (2.3)  250.2  (1.7) 

50th .  264.8  (1.4)  270.2  (1.2)  270.0  (1.6)  272.0  (1.0) 

75th .  291.5  (1.5)  293.3  (1.2)  291.4  (1.6)  293.1  (1.2) 

90th .  314.4  (1.7)  312.5  (1.5)  310.8  (1.5)  312.4  (1.4) 

95th .  327.5  (1.5)  324.1  (1.3)  322.0  (2.6)  323.1  (1.9) 


Females 


5th .  200.9  (2.6)  213.5  (1.5)  218.5  (3.2)  220.4  (2.3) 

10th .  215.0  (1.6)  226.2  (1.4)  230.6  (2.0)  231.4  (1.2) 

25th .  239.4  (1.4)  246.3  (1.1)  247.8  (1.5)  249.5  (1.1) 

50th .  265.7  (1.2)  268.8  (0.9)  267.4  1.7  269.9  (1.2) 

75th .  290.7  (1.0)  290.1  (1.1)  287.8  (1.7)  290.3  (1.3) 

90th .  312.4  (1.4)  308.8  (1.5)  307.2  2.8  307.7  (1.5) 

95th .  325.6  (1.2)  320.1  (2.0)  318.5  (2.4)  317.3  (0.8) 


Whites 


5th .  211.9  (1.4)  223.0  (1.6)  225.7  (1.5)  228.2  (1.5) 

10th .  225.5  (1.4)  234.4  (1.2)  236.5  (1.3)  239.3  (1.0) 

25th .  247.6  (0.9)  253.5  (1.1)  254.1  (1.4)  257.3  (1.1) 

50th .  272.2  (1.0)  274.9  (0.9)  273.3  (1.0)  276.6  (1.0) 

75th .  296.0  (0.7)  295.5  (1.0)  293.2  (1.3)  296.0  (1.1) 

90th .  317.1  (1.2)  313.8  (1.4)  312.1  (2.2)  313.2  (1.3) 

95th .  329.6  (1.3)  324.8  (1.4)  322.9  (1.8)  322.9  (1.6) 


Blacks 


5th .  170.2  (1.9)  201.7  (4.5)  201.7  (4.5)  201.6  (5.4) 

10th .  184.1  (2.6)  200.2  (3.7)  213.2  (2.3)  211.8  (2.2) 

25th .  205.5  (1.9)  219.3  (1.8)  230.7  (2.2)  229.9  (3.0) 

50th .  229.0  (2.2)  241.0  (1.9)  249.3  (2.3)  249.4  (2.0) 

75th .  254.1  (2.2)  260.9  (1.4)  266.9  (1.5)  267.8  (2.9) 

90th .  276.4  (2.4)  279.7  (2.2)  284.4  (3.7)  285.3  (2.8) 

95th .  288.4  (3.9)  291.1  (1.7)  296.4  (4.3)  296.2  (4.1) 


Hispanics 


5th .  180.2  (1.8)  202.3  (2.2)  205.9  (3.6)  206.2  (3.7) 

10th .  192.5  (2.2)  213.5  (2.6)  216.2  (3.8)  216.4  (3.1) 

25th .  214.3  (1.8)  230.7  (1.9)  235.5  (2.7)  234.3  (2.2) 

50th .  237.4  (2.0)  251.9  (1.4)  254.3  (3.4)  255.1  (1.9) 

75th .  261.9  (3.2)  273.7  (1.4)  254.3  (3.4)  275.2  (3.5) 

90th .  283.7  (3.4)  292.8  (2.4)  291.7  (3.1)  292.2  (2.9) 

95th .  •  296.3  (3.1)  304.1  (2.9)  301.2  (1.9)  303.3  (3.3) 


NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991 ). 

See  figure  1-2.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-5. 

Average  scores  by  percentile  for  the  NAEP  mathematics  test,  by  sex  and  race/ethnicity  for  age  17: 1978-80 


Percentile  1978  1982  1986  1990 


All  students 


5th .  241.3  (1.3)  244.9  (1.1)  251.7  (1.2)  253.4  (1.0) 

10th .  254.2  (1.1)  255.9  (1.0)  262.7  (1.0)  264.0  (1.1) 

25th .  276.4  (1.2)  275.8  (1.3)  280.7  (0.6)  282.5  (1.0) 

50th .  301.4  (1.1)  298.8  (1.0)  301.4  (1.3)  304.9  (1.1) 

75th .  325.4  (1.0)  321.5  (0.8)  323.1  (1.9)  326.5  (1.2) 

90th .  344.7  (0.8)  340.6  (0.9)  343.0  (1.3)  344.5  (1.3) 

95th .  355.7  (0.9)  351.2  (1.1)  354.0  (1.1)  355.5  (2.2) 


Males 


5th .  243.8  (1.2)  247.0  (1.3)  252.7  (3.0)  252.8  (3.0) 

lOth .  257.0  (1.2)  257.9  (1.2)  264.1  (1.2)  263.9  (1.2) 

25th .  278.9  (1.2)  278.1  (1.1)  282.3  (1.8)  283.7  (1.3) 

50th .  304.8  (1.3)  301.8  (1.6)  303.9  (1.2)  306.4  (1.6) 

75th .  329.5  (1.1)  325.1  (1.2)  327.8  (2.1)  329.3  (1.1) 

90th .  349.2  (1.0)  344.4  (1.1)  346.7  (1.6)  347.8  (1.4) 

95th .  360.1  (1.0)  354.4  (1.8)  357.5  (1.7)  358.5  (1.3) 


Females 


5th .  239.3  (1.3)  242.8  (1.6)  250.3  (2.8)  253.9  (1.9) 

10th .  252.2  (1.0)  254.1  (1.2)  261.2  (1.4)  264.0  (1.5) 

25th .  274.3  (1.3)  273.7  (1.2)  279.3  (1.3)  303.7  (1.7) 

50th .  298.3  (1.1)  296.1  (1.2)  299.1  (1.3)  303.7  (1.7) 

75th .  321.5  (1.0)  317.7  (0.8)  319.8  (1.7)  324.1  (1.2) 

90th .  340.3  (1.4)  336.7  (1.7)  338.2  (2.2)  341.4  (1.6) 

95th .  350.4  (1.5)  347.2  (1.5)  349.3  (1.9)  351.8  (2.2) 


Whites 


5th .  251.9  (0.6)  253.3  (1.1)  261.2  (1.6)  260.2  (1.3) 

10th .  263.3  (1.3)  263.8  (1.1)  270.5  (1.3)  270.5  (1.5) 

25th .  283.5  (1.0)  282.3  (1.1)  286.9  (1.2)  288.8  (1.5) 

50th .  306.6  (1.0)  303.9  (1.2)  306.8  (1.3)  310.1  (1.3) 

75th .  328.9  (0.8)  325.1  (0.9)  327.8  (1.7)  330.1  (1.2) 

90th .  347.3  (0.7)  343.4  (1.1)  346.1  (1.3)  347.2  (1.0) 

95th .  357.8  (0.7)  353.4  (1.5)  356.0  (1.4)  357.1  (1.3) 


Blacks 


5th .  217.2  (2.0)  225.1  (1.4)  236.7  (3.9)  245.4  (4.4) 

10th .  227.8  (1.7)  234.5  (1.7)  244.3  (4.2)  253.5  (3.5) 

25th .  245.7  (1.2)  251.4  (1.6)  259.9  (1.5)  268.7  (1.8) 

50th .  267.7  (1.6)  271.2  (1.4)  278.6  (3.9)  287.1  (2.5) 

75th .  290  5  (2.2)  291.2  (1.7)  296.1  (2.5)  307.1  (5.3) 

90th .  310.3  (2.1)  310.8  0-7)  312.0  (7.4)  325.7  (5.8) 

95th .  320.7  (2.5)  321.3  (2.2)  324.8  (4.1)  337.7  (4.2) 


Hlspanlcs 


5th .  224.1  (4.4)  232.0  (1.7)  236.3  (5.3)  229.1  (5.4) 

10th .  234.0  (2.9)  240.7  (3.2)  248.5  (4.5)  242.2  (8.1) 

25th .  253.4  (1.8)  255.8  (2.4)  264.7  (2.8)  263.8  (6.8) 

50th .  275.1  (3.6)  275.3  (3.2)  283.1  (2.5)  281.8  (2.4) 

75th .  298.5  (3.9)  297.1  (2.6)  301.2  (4.2)  304.0  (4.4) 

90th .  319.5  (3.6)  314.9  (2.6)  318.6  (2.3)  325.1  (3.6) 

95th .  332.0  (0.9)  326.7  (4.4)  329.3  (7.3)  336.3  (8.6) 


NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service,  Trends  in  Academic  Progress  (Washington,  DC:  National  Center  for  Education  Statistics,  1991). 

See  figure  1-2.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-6. 

Average  scores  by  percentile  for  the  NAEP  science  test,  by  sex  and  race/ethnIcIty  for  age  9: 1977-90 


Percentile  1977  1982  1986  1990 


All  students 


5th .  143.8  (2.3)  150.9  (1.3)  155.0  (1.3)  159.8  (1.3) 

10th .  160.9  (2.1)  166.8  (2.6)  169.9  (1.8)  176.1  (1.1) 

25th .  190.1  (1.6)  194.4  (2.2)  195.4  (2.2)  202.0  (1.4) 

50th .  221.5  (1.1)  221.4  (2.4)  225.1  (1.7)  230.3  (0.9) 

75th .  251.0  (1.1)  249.0  (2.0)  253.1  (1.7)  256.6  (0.8) 

90th .  276.5  (1.2)  272.4  (3.9)  276.9  (2.0)  278.8  (1.3) 

95th .  291.4  (1.2)  286.4  (3.7)  290.9  (1.9)  292.1  (1.4) 


Males 


5th .  146.8  (2.6)  150.4  (5.5)  158.0  (3.6)  159.6  (2.2) 

10th .  163.2  (1.9)  166.5  (3.8)  172.9  (1.8)  176.3  (2.3) 

25th .  191.9  (1.9)  193.5  (4.1)  198.7  (1.8)  202.1  (2.5) 

50th .  223.6  (1.4)  221.3  (3.6)  227.9  (1.7)  231.6  (1.9) 

75th .  253.4  (1.4)  250.4  (3.1)  256.1  (1.9)  259.4  (1.0) 

90th .  279.1  (1.3)  274.7  (4.3)  280.3  (2.0)  283.3  (1.8) 

95th .  294.2  (1.5)  287.1  (5.3)  294.8  (2.7)  296.3  (2.4) 


Females 


5th .  141.3  (3.5)  151.2  (6.6)  152.5  (2.5)  159.9  (2.4) 

10th .  158.5  (2.2)  167.5  (3.1)  166.9  (2.6)  175.8  (2.2) 

25th .  188.3  (1.4)  195.3  (2.6)  193.2  (1.8)  201.9  (1.2) 

50th .  219.5  (1.2)  221.4  (3.6)  222.5  (2.0)  229.2  (1.1) 

75th .  248.6  (1.1)  247.4  (2.4)  250.2  (1.9)  254.0  (1.1) 

90th .  273.8  (1.6)  270.6  (3.4)  273.3  (1.6)  274.6  (1.9) 

95th .  288.2  (1.6)  284.4  (3.4)  287.0  (2.6)  287.0  (1.9) 


Whites 


5th .  163.2  (1.3)  167.0  (3.0)  166.5  (2.3)  176.9  (1.4) 

10th .  177.6  (1.1)  182.2  (3.1)  181.0  (1.5)  189.9  (1.5) 

25th .  202.4  (1.1)  203.8  (2.6)  205.5  (1.5)  212.6  (0.8) 

50th .  229.8  (0.9)  228.6  (2.4)  232.5  (1.6)  238.3  (1.0) 

75th .  256.9  (0.8)  254.9  (2.0)  258.8  (1.4)  262.3  (1.0) 

90th .  281.1  (1.1)  277.6  (2.8)  281.7  (1.7)  283.5  (1.4) 

95th .  295.4  (1.9)  290.8  (4.0)  294.9  (2.5)  295.7  (1.3) 


Blacks 


5th .  107,0  (3.5)  123.6  (11.0)  132.8  (3.2)  131.3  (4.2) 

10th .  122.8  (3.4)  136.7  (8.3)  146.9  (3.5)  145.3  (3.8) 

25th .  146.6  (2.4)  159.2  (4,9)  169.7  (2.6)  169.8  (2.6) 

50th .  173.8  (2,5)  188.2  (5.0)  195,9  (2.2)  196.3  (2.5) 

75th .  202.9  (1.8)  214.4  (3.8)  222.6  (1.5)  224.1  (1.7) 

90th .  229.2  (2.9)  236.4  (4.7)  246.4  (3.7)  246.8  (2.4) 

95th .  244.1  (2.9)  246,5  (3.3)  259.5  (3.5)  260.0  (5.4) 


HIspanIcs 


5th .  125.2  (7.0)  127.3  (9.6)  134.0  (10.1)  146.2  (5,5) 

10th .  139.8  (3.3)  141.9  (16.8)  148.1  (5.2)  158.5  (4.3) 

25th .  163.9  (4.3)  161.9  (4.4)  172.6  (3.4)  180.6  (3.7) 

50th .  191.4  (3.6)  190.8  (4.8)  199.8  (6.7)  206.2  (3.7) 

75th .  219.0  (3.2)  215.9  (3.4)  225.6  (4.1)  232,7  (4.1) 

90th .  245.7  (4.9)  236.2  (5.6)  252.1  (5.4)  252.9  (4.4) 

95th .  261.3  (6.4)  246.0  (7.6)  264.9  (6.7)  266.8  (6.9) 


NAEP  =  National  Assessment  of  Educational  Progress 
NOTE;  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service,  Trends  in  Academic  Progress  (Washington,  DC:  National  Center  for  Education  Statistics.  1991). 

See  figure  1-3.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-7. 

Average  scores  by  percentile  for  the  NAEP  science  test,  by  sex  and  race/ethnicity  for  age  13: 1977-90 


Percentile  1977  1982  1986  1990 

All  students 


5th .  173.7  (1.7)  185.2  (2.2)  188.9  (2.2)  191.4  (2.0) 

10th .  190.6  (1.4)  199.6  (1.8)  203.3  (2.0)  205.9  (1.7) 

25th .  218.4  (1.4)  224.1  (1.1)  227.2  (1.3)  230.0  (1.5) 

50th .  248.6  (1.2)  250.9  (1.3)  252.1  (1.8)  256.4  (1.2) 

75th .  277.5  (0.9)  276.7  (1.5)  276.5  (1.5)  281.1  (0.9) 

90th .  302.4  (0.9)  299.2  (1.6)  298.2  (2.0)  302.4  (1.1) 

95th .  316.0  (1.5)  312.8  (1.3)  310.3  (1.6)  315.1  (1.9) 


Males 


5th .  176.7  (1.9)  190.2  (2.6)  192.3  (4.2)  191.9  (2.5) 

10th .  193.5  (1.6)  204.4  (1.6)  207.2  (2.5)  207.3  (3.4) 

25th .  221.5  (1.7)  229.5  (1.7)  231.1  (1.6)  232.9  (1.4) 

50th .  252.4  (1.5)  256.7  (1.5)  256.9  (2.0)  260.3  (1.4) 

75th .  281.6  (1.2)  282.6  (1.5)  282.4  (1.4)  285.8  (2.2) 

90th .  306.5  (1.3)  305.0  (1.7)  303.4  (1.6)  307.4  (1.5) 

95th .  321.2  (1.5)  318.3  (2.3)  316.2  (2.2)  320.2  (1.2) 


Females 


5th .  170.8  (1.6)  180.2  (1.9)  186.3  (2.2)  190.6  (2.1) 

10th .  187.7  (1.8)  195.5  (2.3)  200.5  (2.9)  204.8  (1.5) 

25th .  215.5  (1.7)  219.7  (1.4)  223.4  (1.5)  227.8  (1.6) 

50th .  245.0  (1.2)  246.1  (1.7)  248.0  (1.7)  253.1  (1.2) 

75th .  273.0  (1.5)  271.0  (1.9)  271.0  (1.8)  276.8  (1.6) 

90th .  297.7  (1.0)  292.8  (1.5)  291.3  (1.7)  296.8  (1.1) 

95th .  312.1  (2.2)  305.3  (1.8)  304.0  (3.6)  3C8.6  (1.4) 


vyhites 


5th .  190.8  (0.9)  198.0  (1.7)  203.5  (2.7)  208.6  (1.6) 

10th .  205.2  (1.2)  210.8  (1.7)  215.8  (1.5)  220.4  (1.2) 

25th .  229.3  (1.3)  233.2  (1.2)  237.0  (1.9)  241.3  (0.9) 

50th .  256.3  (0.8)  257.6  (1.3)  259.2  (2.0)  264.5  (1.1) 

75th .  282.9  (0.7)  281.5  (1.1)  282.3  (1.9)  287.0  (1.7) 

90th .  306.6  (0.9)  302.7  (1.6)  302.2  (1.9)  307.1  (1.4) 

95th .  320.8  (1.1)  316.2  (1.7)  313.9  (2,1)  319.4  (1.3) 


Blacks 


5th .  144.3  (3.2)  160.3  (3.1)  167.8  (1.7)  169.7  (5.5) 

10th .  157.7  (2.4)  173.0  (3.1)  180.1  (2.2)  181.8  (6.1) 

25th .  180.5  (2.2)  193.7  (2.4)  198.3  (3.0)  202.3  (3.7) 

50th .  207.4  (2.5)  216.8  (1.3)  221.2  (2.8)  225.7  (3.0) 

75th .  234.8  (2.6)  240.7  (2.2)  243.5  (3.6)  249.1  (2.6) 

90th .  259.5  (3.4)  262.2  (3.5)  264.4  (4.9)  269.0  (4.2) 

95th .  274.6  (2.7)  274.7  (1.9)  276.8  (2.5)  283.2  (3.7) 


Hispanics 


5th .  147.1  (3.5)  166.3  (4.9)  171.1  (5.6)  173.7  7) 

10th .  161.4  (3.0)  179.4  (4.1)  181.3  (4.5)  185.3  4 

25th .  185.8  (3.5)  200.7  (3.6)  201.6  (5.5)  205.9  ,:.!) 

50th .  213.3  (2.5)  225.9  (4.4)  225.6  (3.8)  230.9  (3.3) 

75th .  240.3  (3.5)  249.3  (5.1)  249.8  (3.4)  256.4  (5.1) 

90th .  265.8  (2.0)  271.2  (5.1)  269.9  (3.5)  280.0  (5.9) 

95th .  282.1  (4.4)  284.8  (6.1)  283.0  (3.8)  294.2  (2.8) 


NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics,  1991 ). 

See  figure  1-3.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-8. 

Mean  student  proficiency  In  the  NAEP  science  test,  by  sex  and  race/ethnIcity  for  age  17: 1977-90 


Percentile  1977  1982  1986  1990 


All  students 


5th .  212.6  (1.3)  203.2  (2.2)  211.8  (2.4)  209.9  (2.3) 

lOlh .  231.3  (1.4)  221.5  (1.9)  229.5  (2.4)  228.8  (2.0) 

25th .  260.6  (1.4)  252.5  (2.1)  259.6  (1.9)  260.3  (1.9) 

50th .  290.8  (1.0)  285.4  (1.0)  290.1  (1.9)  292.2  (1.3) 

75th .  320.1  (0.9)  315.3  (1.6)  319.4  (1.3)  322.7  (1.4) 

90th .  246.2  (1.1)  341.5  (1.1)  344.5  (1.9)  348.3  (1.2) 

95th .  361.5  (1.3)  357.3  (1.4)  359.9  (2.0)  362.9  (1.5) 


Males 


5th .  219.5  (2.1)  210.3  (2.3)  213.9  (2.8)  210.4  (3.9) 

10th .  238.2  (1.6)  228.9  (2.7)  231.4  (5.0)  229.5  (2.9) 

25th .  267.6  (1.5)  261.1  (1.9)  263.5  (3.0)  263.4  (1  3) 

50th .  298.5  (1.2)  294.3  (0.4)  298.7  (2.8)  297.9  (1.9) 

75th .  328.1  (1.4)  324.8  (2.0)  327.6  (1.6)  329.9  (1.8) 

90th .  353.9  (1.4)  350.5  (1.9)  353.4  (2.8)  356.7  (2.3) 

95th .  368.8  (1.5)  365.3  (1.3)  367.0  (4.6)  372.5  (1.8) 


Females 


5th .  207.5  (1.6)  198.3  (3.6)  209.8  (3.5)  209.2  (3.7) 

10th .  226.1  (2.1)  215.5  (2.6)  228.1  (2.0)  228.2  (4.5) 

25th .  254.5  (1.5)  245.7  (2.1)  256.2  (2.0)  257.7  (2.4) 

50th .  283.8  (1.2)  277.6  (2.0)  283.7  (1.4)  287.7  12.0) 

75th .  311.5  (1.1)  306.2  (1.2)  310.8  (1.8)  316.2  (2.3) 

90th .  336.3  (1.2)  330.1  (1.0)  333.5  (3.0)  339.6  (2.3) 

95th .  351.2  (1.5)  345.2  (1.5)  348.3  (3.2)  351.5  (1.6) 


Whites 


5th .  231.1  (0.9)  223.0  (1.7)  228.3  (2.9)  232.8  (2.3) 

10th .  246.0  (0.7)  239.1  (1.5)  244.5  (3.1)  249.0  (2.0) 

25th .  270.3  (0.8)  265.5  (1.5)  271.0  (2.0)  273.4  (1.5) 

50th .  297.5  (0.7)  293.6  (1.0)  298.7  (1.7)  301.2  (1.2) 

75th .  325.0  (0.9)  321.2  (1.6)  324.9  (1.3)  329.0  (1.6) 

90th .  349.9  (1.0)  246.0  (1.3)  348.9  (3.0)  352.3  (1.3) 

95th .  364.6  (1.4)  360.8  (1.3)  363.5  (2.8)  367.3  (2.0) 


Blacks 


5th .  172.4  (1.5)  166.0  (3.1)  189.3  (4.8)  182.0  (10.1) 

lOth .  187.3  (1.9)  180,6  (3.5)  201.6  (4.9)  196.6  (3.1) 

251h .  212.1  (1.4)  206.4  (3.2)  225.0  (4.2)  220.5  (4.3) 

50th .  240.4  (1.8)  234.7  (3.0)  251.9  (5.9)  251.6  (3.0) 

75th .  267.9  (2.0)  262.7  (2.2)  279.5  (3.4)  282.9  (5.0) 

90th .  293.4  (2.5)  288.8  (3.9)  306.0  (4.2)  313.5  (11.3) 

95th .  309.5  (2.6)  305.4  (1.6)  322.8  (5.8)  329.3  (10.2) 


HIspanIcs 


5th .  193.7  (5.2)  178.0  (6.5)  194.4  (9.3)  188.7  (6.2) 

10th .  208.4  (4.0)  194.2  (7.2)  209.2  (3.8)  203.9  (11.1) 

25th .  234.3  (3.9)  218.8  (3.3)  232.0  (5.6)  230.6  (3.6) 

50th .  262.4  (2.4)  248.0  (2.5)  258.9  (5.8)  260.5  (5.7) 

75th .  289.5  (5.1)  278.4  ((3.4)  285.8  (3.6)  292.6  (10.6) 

90th .  316.9  (4.4)  302.1  (3.4)  309.9  (7.6)  317.4  (5.1) 

95th .  331.3  (4.4)  320.8  (11.0)  324.4  (6.3)  329.5  (9.1) 


NAEP  ^  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington,  DC:  National  Center  for  Education  Statistics.  1991). 

See  figure  1-3.  Science  <S  Engineering  Indicators  -  1993 
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Appendix  table  1-9. 

Avennje  student  proficiency  scores  on  the  NAEP  mathematics  and  science  tests,  by  sex  and  age:  1970-90 


Sex  and  age  1970  1973  1977/78'  1982  1986  1990 

Mathematics 


All  Students 


9  years . 

NA 

NA 

219 

(0.8) 

219 

(0.8) 

219 

(1.1) 

222 

(1.0) 

230 

(0.8) 

13  years . 

NA 

NA 

266 

(1.1) 

364 

(1.1) 

269 

(1.1) 

369 

(1.2) 

270 

(0.9) 

1 7  years . 

NA 

NA 

304 

(1.1) 

300 

(1.0) 

299 

(0.9) 

302 

(0.9) 

305 

(0.9) 

Male 

9  years . 

NA 

NA 

218 

(0.7) 

217 

(0.7) 

217 

(1.2) 

222 

(1.1) 

229 

(0.9) 

1 3  years . 

NA 

NA 

265 

(1.3) 

264 

(1.3) 

269 

(1.4) 

270 

(1.1) 

271 

(1.2) 

1 7  years . 

NA 

NA 

309 

(1.2) 

304 

(1.0) 

302 

(1.0) 

305 

(1.2) 

306 

(1.1) 

Female 

9  years . 

NA 

NA 

220 

(1.1) 

220 

(1.0) 

221 

(1.2) 

222 

(1.2) 

230 

(1.1) 

1 3  years . 

NA 

NA 

267 

(1.1) 

265 

(1.1) 

268 

(1.1) 

268 

(1.5) 

270 

(0.9) 

1 7  years . 

NA 

NA 

301 

(1.1) 

297 

(1.0) 

296 

(1.0) 

299 

(1.0) 

303 

(1.1) 

Science 


All  Students 


9  years . 

.  .  225 

(1.2) 

220 

(1.2) 

220 

(1.2) 

221 

(1.8) 

224 

(1.2) 

229 

(0.8) 

13  years . 

.  .  255 

(1.1) 

250 

(1.1) 

247 

(1.1) 

250 

(1.3) 

251 

(1.4) 

255 

(0.9) 

1 7  years . 

.  .  305 

(1.0) 

296 

(1.0) 

290 

(1.0) 

283 

(1.2) 

289 

(1.4) 

290 

(1.1) 

Male 

9  years . 

.  .  228 

(1.3) 

223 

(1.3) 

222 

(1.3) 

221 

(2.3) 

227 

(1.4) 

230 

(1.1) 

13  years . 

.  .  257 

(1.3) 

252 

(1.3) 

251 

(1.3) 

256 

(1.5) 

256 

(16) 

259 

(1.1) 

1 7  years . 

.  .  314 

(1.2) 

304 

(1.2) 

297 

(1.2) 

292 

(1.4) 

295 

(1.9) 

296 

(1.3) 

Female 

9  years . 

223 

(1.2) 

218 

(1.2) 

218 

(1.2) 

221 

(2.0) 

221 

(1.4) 

227 

(1.0) 

13  years . 

253 

(1.2) 

247 

(1.2) 

244 

(1.2) 

245 

(1.3) 

247 

(1.5) 

252 

(1.1) 

1 7  years . 

297 

(1.1) 

288 

(1.1) 

282 

(1.1) 

275 

(1.3) 

282 

(1.5) 

285 

(1.6) 

NA  =  not  available:  NAEP  =  National  Assessment  of  Educational  Progress 

NOTES:  Science  and  mathematics  scores  are  not  comparable.  Standard  errors  are  shown  in  parentheses. 

'Data  for  the  NAEP  science  test  are  for  1977;  data  for  the  NAEP  mathematics  test  are  tor  1978. 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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Appendix  table  1-10. 

Distribution  of  student  proficiency  scores  by  score  range  on  the  NAEP  mathematics  test,  by  sex  and  race/ethnicNy 
for  age  13: 1978-90 


Sox.  race/ethnicity,  and  score  range  1978  1982  1986  1990 


All  students 

Less  than  200 .  5.4 

200-249 .  29.7 

250-299  .  46.9 

300-349 .  17.0 

350  or  more .  1.0 

Male 

Less  than  200 .  6.1 

200-249 .  30.0 

250-299 .  45.5 

300-349 .  17.3 

350  or  more .  1.1 

Female 

Less  than  200 .  4.8 

200-249  .  29.3 

250-299 .  48.4 

300-349 .  16.6 

350  or  more .  0.9 

White 

Less  than  200  .  2.4 

200-249 .  24.7 

250-299 .  51.5 

300-349 .  20.2 

350  or  more .  1.2 

Black 

Less  than  200 .  20.3 

200-249 .  51.0 

250-299 .  26.4 

300-349 .  2.3 

350  or  more .  0 

Hispanic 

Less  than  200 .  13.6 

200-249 .  50.4 

250-299 .  32.0 

300-349 .  3.9 

350  or  more .  C  l 


Percent 


2.3 

1.4 

1.5 

26.3 

25.3 

23.8 

54.0 

57.5 

57.4 

16.9 

15.4 

16.9 

0.5 

0.4 

0.4 

2.5 

1.5 

1.8 

26.2 

24.7 

23.1 

52.4 

56.2 

56.1 

18.2 

17.1 

18.5 

0.7 

0.5 

0.5 

2.0 

1.4 

1.1 

26.6 

25.9 

24.5 

55.5 

58.6 

58.7 

15.5 

13.8 

15.5 

0.4 

0.3 

0.2 

0.9 

0.7 

0.6 

20.8 

20.4 

17.4 

57.8 

60.3 

61.0 

19.9 

18.2 

20.6 

06 

0.4 

0.4 

9.8 

4.6 

4.6 

52.3 

46.4 

46.7 

35.0 

45.0 

44.8 

2.9 

3.9 

3.8 

0 

0.1 

0.1 

4.1 

3.1 

3,2 

43.7 

40.9 

40.1 

45.9 

50.5 

50.3 

6.3 

5.3 

6.3 

0 

0.2 

0.1 

Less  than  200 — Simple  arithmetic  facts.  Students  at  this  level  know 
some  basic  addition  and  subtraction  facts,  and  most  can  add  two-digit 
numbers  without  regrouping.  They  recognize  simple  situations  in  which 
addition  and  subtraction  apply.  They  also  are  developing  rudimentary 
classification  skills. 

200 — Beginning  skiiis  and  understandings.  Students  at  this  level 
have  considerable  understanding  of  two-digit  numbers  They  can  add 
two-digit  numbers,  but  are  still  developing  an  ability  to  regroup  in 
subtraction.  They  know  some  basic  multiplication  and  division  facts, 
recognize  relations  among  coins,  can  read  information  from  charts  and 
graphs,  and  use  simple  mee'urement  instruments.  They  are  develop¬ 
ing  some  reasoning  skills. 

250— Basic  operations  and  beginning  probiem-solving.  Students 
at  this  level  have  an  initial  understanding  of  the  four  basic  operations. 
They  are  able  to  apply  whole  number  addition  and  subtraction  skills  to 
one-step  word  problems  and  money  situations.  In  multiplication,  they 
can  find  the  product  of  a  two-digit  and  a  one-digit  number.  They  can 
also  compare  information  from  graphs  and  charts  and  are  developing 
an  ability  to  analyze  simple  logical  relations. 


300 — Moderately  complex  procedures  and  reasoning.  Students  at 
this  level  are  developing  an  understanding  of  number  systems.  They 
can  compute  with  decimals,  simple  fractions,  and  commonly 
encountered  percents.  They  can  identify  geometric  figures,  measure 
lengths  and  angles,  and  calculate  areas  of  rectangles.  These  students 
are  also  able  to  interpret  simple  inequalities,  evaluate  formulas,  and 
solve  simple  linear  equations.  They  can  find  averages,  make  decisions 
on  information  drawn  from  graphs,  and  use  logical  reasoning  to  solve 
problems.  They  are  developing  the  skills  to  operate  with  signed 
numbers,  exponents,  and  square  roots. 

350 — Multi-step  problem-solving  and  algebra.  Students  at  this  level 
can  apply  a  range  of  reasoning  skills  to  solve  multi-step  problems. 
They  can  solve  routine  problems  involving  fractions  and  percents, 
recognize  properties  of  basic  geometric  figures,  and  work  with 
exponents  and  square  roots.  They  can  solve  a  variety  of  two-step 
problems  using  variables,  identify  equivalent  algebraic  expressions, 
and  solve  linear  equations  and  inequalities.  They  are  developing  an 
understanding  of  functions  and  coordinate  systems. 


NAEP  =  National  Assessment  of  Educational  Progress 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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Appendix  table  1-11. 

Distribution  of  student  proficiency  scores  on  the  NAEP  mathematics  test,  by  sex  and  race/ethnicity  for  age  17: 1978-90 


Sex.  race/ethnicity,  and  score  range 

1978 

1982 

1986 

1990 

-  ■  - 

- Percent- 

All  students 

Less  than  200 . 

.  0.2 

0.1 

0.1 

0 

200-249 . 

.  7.8 

6.9 

4  3 

4.0 

250-299 . 

.  40.5 

44.5 

43.9 

39.9 

300-349 . 

.  44.2 

43.0 

45.2 

48.9 

350  or  more . 

.  73 

5.5 

6.5 

7.2 

Male 

Less  than  200 . 

.  01 

0 

0  1 

0.1 

200-249 . 

.  6.9 

6.1 

3.8 

4.1 

250-299 . 

.  37.9 

42,0 

41.5 

38.2 

300-349 . 

.  45.6 

45.0 

46.2 

48.8 

350  or  more . 

.  9.5 

6.9 

8.4 

8.8 

Female 

Less  than  200 . 

.  0.3 

0.1 

0 

0 

200-249 . 

.  8.7 

7.8 

4.9 

3.8 

250-299 . 

.  42.8 

46.8 

46.2 

41.5 

300-349 . 

.  43.0 

41.2 

44.2 

49.1 

350  or  more . 

.  5.2 

4.1 

4.7 

5.6 

White 

Less  than  200 . 

.  0 

0 

0 

0 

200-249 . 

.  4.4 

3.8 

2.0 

2.4 

250-299 . 

.  38.0 

41.5 

38.9 

34.4 

300-349 . 

.  49.1 

48.3 

51.2 

54.9 

350  or  more . 

.  8.5 

6.4 

7.9 

8.3 

Black 

Less  than  200 . 

.  1.2 

0.3 

0 

0.1 

200-249 . 

.  28.1 

23.3 

14.4 

7.6 

250-299 . 

.  53.9 

59.3 

64.8 

59.6 

300-349 . 

.  16.3 

16.6 

20.6 

30.8 

350  or  more . 

.  0.5 

0.5 

0.2 

2.0 

Hispanic 

Less  than  200 . 

.  0.7 

0.2 

0.6 

0.4 

200-249 . 

.  21.0 

18.4 

10.1 

13.8 

250-299 . 

.  54.9 

59.8 

62.8 

55.7 

300-349 . 

.  22.0 

20.9 

25.4 

28.2 

350  or  more . 

.  1.4 

0.7 

1.1 

1.9 

NAEP  =  National  Assessment  of  Educational  Progress 

NOTE:  See  appendix  table  1-10  for  descriptions  of  proficiency  levels. 

SOURCE:  Educational  Testing  Service.  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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Appendix  table  1-12. 

Distribution  of  student  proficiency  scores  by  score  range  on  the  NAEP  science  test,  by  sex  and  race/ethnicity 
for  age  13: 1977-90 


Sex.  race/ethnicity,  and  score  range 

1977 

1982 

1986 

1990 

Percent 

Alt  students 

Less  than  200 . 

.  14.0 

10.2 

8.4 

7.7 

200-249 . 

.  37.2 

38.9 

39.1 

35.8 

250-299 . 

.  37.7 

41.3 

43.4 

45.3 

300-349 . 

.  10.4 

9.2 

8.9 

10.8 

350  or  more . 

.  0.7 

0.4 

0.2 

0.4 

Male 

Less  than  200  . 

.  12.8 

8.1 

7.1 

7.3 

200-249 . 

.  34.9 

35.7 

35.6 

32.9 

250-299 . 

.  39.2 

43.6 

45.4 

45.8 

300-349 . 

.  12.2 

12.1 

11.6 

13.4 

350  or  more . 

.  0.9 

0.5 

0,3 

0.6 

Female 

Less  than  200  . 

.  15.3 

12.1 

9.7 

8.0 

200-249 . 

.  36.3 

41.9 

42.6 

38.7 

250-299 . 

.  36.4 

39.1 

41.4 

44,8 

300-349 . 

.  8.6 

6.7 

6.2 

8.3 

350  or  more . 

.  0.4 

0.2 

0.1 

0.2 

White 

Less  than  200 . 

.  7.8 

5.6 

3.9 

3.1 

200-249 . 

.  35.7 

36.1 

35.1 

30.4 

250-299 . 

.  43.1 

46.8 

49.7 

52.3 

300-349 . 

.  12.6 

11.1 

11,0 

13.7 

350  or  more . 

.  0.8 

0.4 

0.3 

0.5 

Black 

Less  than  200  . 

.  42.7 

31.4 

26.4 

22.4 

200-249 . 

.  42.4 

51.5 

54.0 

53.3 

250-299 . 

.  13,7 

16.3 

18.5 

22.8 

300-349  . 

.  1.2 

0,8 

1.1 

1.4 

350  or  more . 

.  0 

0 

0 

0.1 

Hispanic 

Less  than  200  . 

.  37.8 

24.5 

23.3 

19.8 

200-249 . 

.  44.1 

51.4 

51.8 

50.2 

250-299 . 

.  16.3 

21.7 

23.4 

26.7 

300-349 . 

.  1.8 

2.4 

1.5 

3.2 

350  or  more . 

.  0 

0 

0 

0.1 

NAEP  =  National  Assessment  of  Educational  Progress 

SOURCE:  Educational  Testing  Service,  Trends  in  Academic  Prcgress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991 ). 
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Less  than  200 — Knows  everyday  science  facts.  Students  at  this 
level  know  some  general  scientific  facts  of  the  type  that  could  be 
learned  from  everyday  experiences.  They  can  read  simple  graphs, 
match  the  distinguishing  characteristics  of  animals,  and  predict  the 
operation  of  familiar  apparatuses  that  work  according  to  mechanical 
principles. 

200 — Understands  simple  scientific  principles.  Students  at  this 
level  are  developing  some  understanding  of  simple  scientific 
principles,  particularly  in  the  life  sciences.  For  example,  they  exhibit 
seme  rudimentary  knowledge  of  the  structure  and  function  of  plants 
and  animals. 

250 — Applies  basic  scientific  information.  Students  at  this  level  can 
interpret  data  from  simple  tables  and  make  inferences  about  the 
outcomes  '•  experimental  procedures.  They  exhibit  knowledge  and 
understa  g  of  the  life  sciences,  including  a  familiarity  with  some 
aspects  of  animal  behavior  and  of  ecological  relationships.  These 


students  also  demonstrate  some  knowledge  of  basic  information  from 
the  physical  sciences. 

300 — Analyzes  scientific  procedures  and  data.  Students  at  this 
level  can  evaluate  the  appropriateness  of  the  design  of  an  experiment. 
They  have  more  detailed  scientific  knowledge  and  the  skill  to  apply 
their  knowledge  in  interpreting  information  from  text  and  graphs.  These 
students  also  exhibit  a  growing  understanding  of  principles  from  the 
physical  sciences. 

350 — Integrates  specialized  scientific  information.  Students  at  this 
level  can  infer  relationships  and  draw  conclusions  using  detailed 
scientific  knowledge  from  the  physical  sciences,  particularly  chemistry. 
They  also  can  apply  basic  principles  of  genetics  and  interpret  the 
societal  implications  of  research  in  this  field. 
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Appendix  table  1-13. 

Distribution  of  student  proficiency  scores  by  score  range  on  the  NAEP  science  test,  by  sex  and  race/ethnicity 
for  age  17: 1977-90 


Sex.  race/ethnicity,  and  score  range 

1977 

1982 

1986 

1990 

All  students 

Less  than  200 . 

2.9 

4.3 

2.9 

3.3 

200-249 . 

15.5 

19.1 

16.4 

15.5 

250-299 . 

_  39.9 

39.3 

39.4 

37.8 

300-349 . 

_  33.2 

30.2 

33,4 

34.2 

350  or  more . 

8.5 

7.1 

7.9 

9.2 

Male 

Less  than  200 . 

.  2.2 

3.2 

2.6 

3.2 

200-249 . 

.  12.6 

15.6 

15.0 

14.3 

250-299 . 

.  36.4 

36.0 

33.6 

34.3 

300-349 . 

.  37.0 

34.8 

37.4 

35.2 

350  or  more . 

.  11.8 

10.4 

11.4 

13.0 

Female 

Less  than  200 . 

.  3.6 

5.4 

3.1 

3.4 

200-249 . 

.  18.4 

22.4 

17.8 

16.7 

250-299 . 

.  43.2 

42.3 

45.0 

41.2 

300-349 . 

.  29.5 

26.0 

29.6 

33.2 

350  or  more . 

.  5.3 

3.9 

4.5 

5.5 

White 

Less  than  200 . 

.  0.8 

1.4 

1.2 

1.0 

200-249 . 

.  11.0 

13.7 

11.0 

9.4 

250-299 . 

.  40.7 

41 .0 

39.1 

38.4 

300-349 . 

.  37.5 

35.3 

39.1 

39.8 

350  or  more . 

.  10.0 

8.6 

9.6 

11.4 

Black 

Less  than  200 . 

.  16.4 

20.3 

9.1 

11,7 

200-249 . 

.  43.1 

44.7 

38.7 

36.9 

250-299 . 

.  32.8 

28.5 

39.7 

35.7 

300-349 . 

.  7,3 

6.6 

11.6 

14.2 

350  or  more . 

.  0.4 

0.2 

0.9 

1.5 

Hispanic 

Less  than  200 . 

.  6.9 

13.1 

6.7 

8.1 

200-249 . 

.  31.6 

38.9 

33,3 

32.0 

250-299 . 

.  43.0 

36.9 

45.2 

38.8 

300-349 . 

.  16.7 

9.7 

13.7 

19.0 

350  or  more . 

.  1.8 

1.4 

1.1 

2.1 

NAEP  =  National  Assessment  of  Educational  Progress 

NOTE:  See  appendix  table  1-12  for  descriptions  of  proficiency  levels. 

SOURCE:  Educational  Testing  Service,  Trends  in  Academic  Progress  (Washington.  DC:  National  Center  for  Education  Statistics.  1991). 
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Percentage  at  or  above  level 

200— Addition  and  subtraction,  and  simpie  probiem  soiving  with  whoie  numbers.  Students  4  .  67  (1.4)  72*  (0.9) 

at  this  level  can  identify  solutions  to  one-step  word  problems  involving  addition  or  subtraction.  They  8  .  95  (0.7)  97  (0.4) 

can  add  and  subtract  whole  numbers  in  most  situations,  and.  when  a  calculator  is  available,  they  12  .  100  (0.2)  100  (0.1) 

can  multiply  and  divide.  They  are  able  to  select  the  largest  whole  number  from  a  set  of  numbers  in 
the  thousands  and  can  match  numbers'  verbal  and  symbolic  names.  They  demonstrate  familiarity 
with  length  and  weight  by  selecting  appropriate  instruments  and  units  to  measure  these  attributes. 

They  are  able  to  recognize  some  basic  properties  of  two-dimensional  geometric  figures  as  well  as 
the  names  of  standard  examples  of  these  figures.  They  can  recognize  simple  patterns. 


2S0-MuKiplication  and  division,  simple  measurement,  and  two-step  problem  solving.  When  4 .  12  (1.1)  17*  (0.8) 

presented  with  a  problem  situation,  students  at  this  level  have  some  urxierstanding  of  the  problem,  8  65  (1.4)  68  (1.0) 

can  identify  extraneous  information,  and  have  some  knowledge  of  when  to  use  computational  12 . 88  (0.9)  91*  (0.5) 


estimation,  they  have  an  understanding  of  addition,  subtraction,  multiplication,  and  division  with  whole 
numbers.  They  can  solve  simple  two-step  problems  involving  whole  numbers.  They  are  able  to  round 
whole  numbers  and  solve  simple  word  problems  involving  place  value,  estimation,  and  multiples. 
Students  can  use  a  ruler  to  measure  length  in  centimeters  and  have  some  understanding  of  area  and 
perimeter.  They  can  solve  problems  that  require  visualizing,  drawing,  or  manipulating  simple  geometric 
shapes.  They  are  able  to  complete  bar  graphs  and  pictographs,  as  well  as  use  information  from  graphs 
or  tables  to  solve  simple  problems.  They  can  recognize  simple  number  patterns,  are  beginning  to  deal 
informally  with  the  idea  of  a  variable,  and  have  some  knowledge  of  simple  probability. 


300— Reasoning  and  problem  solving  involving  fractions,  decimals,  percents,  elementary  4 .  0  (0.1)  0  (0.1) 

concepts  in  geometry,  statistics,  and  algebra.  Students  at  this  level  can  use  various  sirategies  8 .  15  (1.0)  20  (0.9) 

and  explain  their  reasoning  in  a  variety  of  problem-solving  situations.  They  are  able  to  solve  12  45  (1.4)  50*  (1.2) 


problems  involving  not  only  whole  numbers  but  with  decimals  and  fractions.  They  can  represent 
and  find  equivalent  fractions  and  use  these  concepts  in  solving  routine  problems.  They  can  find 
a  percent  of  a  number  and  use  this  skill  in  simple  problems.  Multiplication  and  division  of  whole 
numbers  have  developed  to  the  extent  that  students  can  use  all  four  operations  in  multi-step 
problems.  Students  can  read  and  use  instruments  in  more  complex  situations.  They  can  find 
areas  of  rectangles,  recognize  relationships  among  common  units  of  measure,  and  solve  routine 
probiems  involving  similar  triangles  and  scale  drawings.  They  have  knowledge  of  definitions  and 
properties  of  simple  geometric  figures  in  the  plane.  Their  spatial  sense  includes  the  ability  to 
visualize  a  cube  in  either  three-space  or  its  flattened  form  in  a  plane.  Students  can  calculate 
averages,  select  and  interpret  data  from  a  variety  of  graphs,  list  the  possible  arrangements  in  a 
sample  space,  find  the  probability  of  a  simple  event,  and  have  a  beginning  understanding  of 
sample  bias.  They  can  use  knowledge  of  relative  frequencies  in  simple  simulation  situations. 
Students  show  the  ability  to  evaluate  simple  expressions  and  solve  linear  equations.  Students 
can  graph  points  on  coordinate  axes,  locate  the  missing  coordinates  for  a  comer  of  a  square, 
and  identify  which  ordered  paris  satisfy  a  given  linear  equation. 


350— Reasoning  and  problem  solving  involving  geometric  relationships,  algebra,  and  4 .  0  (0.0)  0  (0.0) 

functions.  Students  at  this  level  can  reason  and  estimate  with  percents.  They  can  recognize  8 .  0  (0.2)  1  (0.2) 

scientific  notation  and  find  the  decimal  equivalent.  They  can  apply  their  knowledge  of  area  and  12 .  5  (0.8)  6  (0.5) 


perimeter  of  simple  geometric  figures  to  solve  problems.  They  can  find  the  circumferences  of 
circles  and  the  surface  areas  of  solid  figures.  They  can  solve  for  the  length  of  missing  segments 
in  more  complex  similarity  situations.  Students  can  apply  the  Pythagorean  Theorem  to  find  the 
hypotenuse  of  a  right  triangle.  They  are  beginning  to  use  rectangular  coordinates  in  problem¬ 
solving  situations  and  can  apply  geometric  properties  and  relationships  in  solving  problems. 

Students  can  compute  means  from  frequency  tables  and  create  a  sample  space  to  determine 
probabilities,  and  read  the  graph  of  a  step-function.  Students  can  use  exponents  and  evaluate 
expressions  given  in  functional  notation.  In  number  theory,  they  have  an  understanding  of  even 
and  odd  numbers  and  their  properties.  They  can  identify  an  equation  describing  a  linear  relation 
provided  in  a  fable,  and  solve  literal  equations  and  systems  of  two  linear  equations.  They  have 
some  knowledge  of  trigonometric  reiations.  These  students  can  represent  and  interpret  complex 
patterns  and  data  using  numbers,  expressions,  and  graphs.  Given  the  graph  of  a  function,  they 
can  identify  its  zeros  and  the  effect  on  the  graph  of  taking  the  absolute  value  of  the  function. 

*  =  significantly  higher  than  1990  value  at  atxsu  ,e  95-percent  confidence  interval;  NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

SOURCE:  National  Center  for  Education  Statistics.  NAEP  1992  Mathematics  Report  Card  for  the  Natior)  and  the  States  (Washington,  DC:  1993). 
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Appendix  table  1-15. 

NAEP  mathematics  test  achievement  ieveis  for  grade  4,  by  sex  and  race/ethnicity:  1990  and  1992 


Sex  and  race/elhnicity 

Average  score 

Proportion  of  total 

Advanced 

Achievement  level' 

Proficient  Basic 

Below  basic 

-  ■  -  - 

Percent - 

-  -  - 

- -  - 

All  students 

1990 

...  213(0.9) 

100 

1 

12 

41 

46 

1992 

...  218(0.7) 

100 

2 

16 

43 

39 

Male 

1990 

...  214(1.2) 

52 

2 

12 

41 

45 

1992 

...  220  (0.8) 

50 

3 

17 

42 

38 

Female 

1990 

...  212(1.1) 

48 

1 

12 

40 

47 

1992 

...  217(1.0) 

50 

2 

15 

42 

41 

White 

1990 

...  220(1.1) 

70 

2 

15 

47 

36 

1992 

...  227  (0.9) 

70 

3 

20 

49 

28 

Asian 

1990 

...  228  (3.5) 

2 

4 

20 

45 

31 

1992 

...  231  (2.4) 

2 

5 

25 

46 

24 

Black 

1990 

...  189(1.8) 

15 

0 

2 

20 

78 

1992 

...  192(1.3) 

16 

0 

3 

21 

76 

Hispanic 

1990 

...  198(2.0) 

10 

0 

5 

29 

66 

1992 

...  201  (1.4) 

10 

0 

6 

31 

63 

Native  American 

1990 

...  208  (3.9) 

2 

0 

5 

43 

52 

1992 

...  209  (3.2) 

2 

2 

8 

36 

54 

For  fourth  graders,  the  five  NAEP  content  areas  are  (1)  numbers  and  operations;  (2)  measurement;  (3)  geometry;  (4)  data  analysis,  statistics,  and  probability;  and  (5) 
algebra  and  functions.  At  the  fourth  grade  level,  algebra  functions  are  treated  in  informal  and  exploratory  ways,  often  through  the  study  of  patterns.  Skills  are 
cumulative  across  levels— from  basic  to  proficient  to  advanced. 

•  Basic  (211).  Fourth  graders  performing  al  Ihe  basic  level  should  be  able  to  estimate  and  use  basic  facts  to  perform  simple  computations  with  whole 
numbers,  show  some  understanding  of  fractions  and  decimals,  and  solve  some  simple  real-world  problems  in  all  NAEP  content  areas.  Students  al  this 
level  should  be  able  to  use — though  not  always  accurately — four-function  calculators,  rulers,  and  geometric  shapes.  Their  written  responses  are  often 
minimal  and  presented  without  supporting  information. 

•  Proficient  (248).  Fourth  graders  performing  at  the  proficient  level  should  be  able  to  use  whole  numbers  to  estimate,  compute,  and  determine  whether 
results  are  reasonable.  They  should  have  a  conceptual  understanding  of  fractions  and  decimals;  be  able  to  solve  real-world  problems  in  all  NAEP 
content  areas;  and  use  four-function  calculators,  rulers,  and  geometric  shapes  appropriately.  They  should  employ  problem-solving  strategies  such  as 
identifying  and  using  appropriate  information.  Their  written  solutions  should  be  organized  and  presented  both  with  supporting  information  and 
explanations  of  how  they  were  achieved. 

•  Advanced  (280).  Fourth  graders  performing  at  the  advanced  level  should  be  able  to  solve  complex  and  nonroutine  real-world  problems  in  all  NAEP 
content  areas.  They  should  display  mastery  in  the  use  of  four-function  calculators,  rulers,  and  geometric  shapes.  These  students  are  expected  to  draw 
logical  conclusions  and  justify  answers  and  solution  process  by  explaining  why,  as  well  as  how.  they  were  achieved.  They  should  go  beyond  the  obvious 
in  their  interpretations  and  be  able  to  communicate  thei  '^  oughts  clearly  and  concisely. 

NAEP  =  National  Assessment  of  Educational  Progress 
NOTE:  Standard  errors  are  shown  in  parentheses. 

'Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level. 

SOURCE:  National  Center  for  Education  Statistics,  NAEP  1992  Mathematics  Report  Card  tor  the  Nation  and  the  States  {'^Nashington.  DC:  1993). 
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Appendix  table  1-16. 

NAEP  mathematics  test  achievement  levels  for  grade  8,  by  sex  and  race/ethnicIty:  1990  and  1992 


Race/ethnicity 

Average  score 

Proportion  of  total 

Advanced 

Achievement  level' 

Proficient  Basic 

Below  basic 

All  students 

1990 

...  263(1.3) 

100 

2 

-Percent - 

18 

38 

42 

1992 

...  268  (0.9) 

100 

4 

21 

38 

37 

Male 

1990 

...  263(1.6) 

51 

3 

18 

37 

42 

1992 

...  267(1,1) 

51 

4 

21 

37 

38 

Female 

1990. 

...  262(1.3) 

49 

2 

16 

41 

41 

1992. 

...  268(1.0) 

49 

4 

20 

39 

37 

White 

1990. 

...  270(1.4) 

71 

3 

21 

44 

32 

1992 

...  277(1.0) 

70 

4 

28 

42 

26 

Asian 

1990 

...  279  (4.8) 

2 

6 

32 

38 

24 

1992 

...  288  (5.5) 

2 

14 

30 

36 

20 

Black 

1990 

...  238  (2.7) 

15 

0 

6 

22 

72 

1992 

...  237(1.4) 

16 

0 

3 

24 

73 

Hispanic 

1990 

...  244  (2.8) 

10 

0 

6 

32 

62 

1992 

...  246(1.2) 

10 

1 

7 

31 

61 

Native  American 

1990 

...  246  (9.4) 

2 

0 

9 

30 

61 

1992 

...  254  (2.8) 

1 

0 

9 

38 

53 

For  eighth  graders,  the  five  NAEP  content  areas  are  (1 )  numbers  and  operations:  (2)  measurement:  (3)  geometry:  (4)  data  analysis,  statistics,  and  probability:  and  (S) 

algebra  and  functions.  Skills  are  cumulative  across  levels — from  basic  to  proficient  to  advanced. 

‘  Basic  (256).  Eighth  graders  performing  at  the  basic  level  should  complete  problems  correctly  with  the  help  of  structural  prompts  such  as  diagrams, 
charts,  and  graphs.  They  should  be  able  to  solve  problems  in  all  NAEP  content  areas  through  the  appropriate  selection  and  use  of  strategies  and 
technological  tools— including  calculators,  computers,  and  geometric  shapes.  Students  at  this  level  also  should  be  able  to  use  fundamental  algebraic 
and  informal  geometric  concepts  in  problem  solving.  As  they  approach  the  proficient  level,  students  at  the  basic  level  should  be  able  to  detennine  which 
of  available  data  are  necessary  and  sufficient  for  correct  solutions  and  use  them  in  problem  solving.  However,  these  eighth  graders  show  limited  skill  in 
communicating  mathematically, 

•  Proficient  (294).  Eighth  graders  performing  at  the  proficient  level  should  be  able  to  conjecture,  defend  their  ideas,  and  give  supporting  examples.  They 
should  understand  the  connections  between  fractions,  percents,  decimals,  and  other  mathematical  topics  such  as  algebra  and  functions.  Students  at 
this  level  are  expected  to  have  a  thorough  understanding  of  basic  level  arithmetic  operations — an  understanding  sufficient  for  problem  solving  in 
practical  situations.  Quantity  and  spatial  relationships  in  problem  solving  and  reasoning  should  be  familiar  to  them,  and  they  should  be  able  to  convey 
underlying  reasoning  skills  beyond  the  level  of  arithmetic.  They  should  be  able  to  compare  and  contrast  mathematical  ideas  and  generate  their  own 
examples.  These  students  should  make  inferences  from  data  and  graphs,  apply  properties  of  informal  geometry,  and  accurately  use  the  tools  of 
technology.  They  should  understand  the  process  of  gathering  and  organizing  data  and  be  able  to  calculate,  evaluate,  and  communicate  results  within 
the  domain  of  statistics  and  probability. 

•  Advanced  (331).  Eighth  graders  performing  at  the  advanced  level  should  be  able  to  probe  examples  and  counter  examples  in  order  to  shape 
generalizations  from  which  they  can  develop  models.  They  should  use  number  sense  and  geometric  awareness  to  consider  the  reasonableness  of  an 
answer.  They  are  expected  to  use  abstract  thinking  to  create  unique  problem-solving  techniques  and  explain  the  reasoning  processes  underlying  their, 
conclusions. 

NAEP  =  National  Assessment  of  Educational  Progress 

NOTE:  Standard  errors  are  shown  in  parentheses. 

'Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level. 

SOURCE:  National  Center  for  Education  Statistics.  NAEP  1992  Mathematics  Report  Card  for  the  Nation  and  the  States  (Washington,  DC:  1993). 
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Appendix  table  1-17. 

NAEP  mathematics  test  achievement  ieveis  for  grade  12,  by  race/ethnicity:  1990  and  1992 


Achievement  level' 


Race/ethnicity 

Average  score 

Proportion  of  total 

Advanced 

Proficient 

Basic 

Below  basic 

All  students 

1990. 

.  ..  294(1.1) 

100 

2 

Percent 

11 

46 

41 

1992. 

.  .  .  299  (0.9) 

100 

2 

14 

48 

36 

Male 

1990  . 

,  ..  297(1.4) 

48 

3 

13 

45 

39 

1992. 

.  .  .  301  (1.1) 

49 

3 

15 

47 

35 

Female 

1990. 

.  ..  292(1.3) 

52 

1 

9 

47 

43 

1992. 

.  ..  297(1.0) 

51 

1 

13 

49 

37 

White 

1990. 

.  .  ,  300  (1 .2) 

74 

2 

14 

51 

33 

1992  . 

.  .  .  305  (0.9) 

71 

2 

17 

53 

28  . 

Asian 

1990. 

.  .  .  311  (5.2) 

3 

5 

20 

51 

24 

1992. 

.  ..  315(3.5) 

4 

6 

25 

50 

19 

Black 

1990  . 

.  .  .  268  (1 .9) 

14 

0 

2 

26 

72 

1992  . 

.  ..  275(1.7) 

15 

0 

3 

31 

66 

Hispanic 

1990  . 

.  .  .  276  (2.8) 

8 

0 

4 

33 

63 

1992  . 

...  283(1.8) 

10 

1 

5 

39 

55 

Native  American 

1990  . 

..  288(10.2) 

1 

0 

4 

58 

38 

1992. 

.  .  .  281  (9.0) 

1 

0 

4 

42 

54 

For  12th  graders,  the  five  NAEP  content  areas  are  (1)  numbers  and  operations;  (2)  measurement;  (3)  geometry;  (4)  data  analysis,  statistics,  and  probability;  and  (5) 

algebra  and  functions.  Skills  are  cumulative  across  levels— from  basic  to  proficient  to  advanced, 

•  Basic  (287).  Twelfth  grade  students  performing  at  the  basic  level  should  be  able  to  use  estimation  to  verify  solutions  and  determine  the  reasonableness 
of  results  as  applied  lo  real-world  problems.  They  are  expected  to  use  algebraic  and  geometric  reasoning  strategies  to  solve  problems.  They  should 
recognize  relationships  presented  in  verbal,  algebraic,  tabular,  and  graphical  forms;  and  demonstrate  knowledge  of  geometric  relationships  and 
corresponding  measurement  skills.  They  should  be  able  to  apply  statistical  reasoning  In  the  organization  and  display  of  data  and  in  reading  tables  and 
graphs.  They  also  should  be  able  to  generalize  from  patterns  and  examples  in  the  areas  of  algebra,  geometry,  and  statistics.  At  this  level,  they  should 
use  correct  mathematical  language  and  symbols  to  communicate  mathematical  relationships  and  reasoning  processes,  and  use  calculators 
appropriately  to  solve  problems. 

•  Proficient  (334).  Twelfth  graders  performing  at  the  proficient  level  should  demonstrale  an  understanding  of  algebraic,  statistical,  and  geometric  and 
spatial  reasoning.  They  should  be  able  to  perform  algebraic  operations  Involving  polynomials.  Justify  geometric  relationships,  and  judge  and  defend  the 
reasonableness  of  answers  as  applied  to  real-world  situations.  These  students  should  be  able  to  analyze  and  interpret  data  in  tabular  and  graphical 
form;  understand  and  use  elements  of  the  function  concept  in  symbolic,  graphical,  and  tabular  form;  and  make  conjectures,  defend  ideas,  and  give 
supporting  examples. 

•  Advanced  (366).  Twelfth  grade  students  performing  at  the  advanced  level  should  understand  the  function  concept;  and  be  able  to  compare  and  apply 
the  numeric,  algebraic,  and  graphical  properties  of  functions.  They  should  apply  their  knowledge  of  algebra,  geometry,  and  statistics  to  solve  problems 
in  more  advanced  areas  of  continuous  and  discrete  mathematics.  They  should  be  able  to  formulate  generalizations  and  create  models  through  probing 
examples  and  counter  examples.  They  should  be  able  to  communicate  their  mathematical  reasoning  through  the  clear,  concise,  and  correct  use  of 
mathematical  symbolism  and  logical  thinking. 

NAEP  =  National  Assessment  of  Educational  Progress 

NOTE;  Standard  errors  are  shown  in  parentheses. 

'Data  are  for  the  percentage  who  reached  but  did  not  surpass  the  given  level. 

SOURCE;  National  Center  for  Education  Statistics.  NAEP  1992  Mathematics  Report  Card  tor  the  Nation  and  the  S/afes  (Washington,  DC.  1993). 

See  figure  1-4  and  text  table  1  -1 .  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-18. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex — ail  students:  1987  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

Number 

_ _ 

-  Percent - 

1987 


Total  test-takers .  1,080,426  520,326  560,100 

200-249  .  11,823  4,377  7.446  1.1  0.8  1.3 

250-299  .  60,562  22,100  38,462  5.6  4.2  6.9 

300-349  .  98,146  37,270  60,876  9.1  7.2  10.9 

350-399  .  136,231  54,035  82,196  12.6  10.4  14.7 

400-449  .  153,459  64,848  88,611  14.2  12.5  15.8 

450-499  .  162,476  73,681  88,795  15.0  14.2  15.9 

500-549  .  137,116  68,048  69.068  12.7  13.1  12.3 

550-599  .  122,642  66,808  55,834  11.4  12.8  10.0 

600-649  .  90,548  53,871  36,677  8.4  10.4  6.5 

650-699  .  65,698  43,266  22,432  6.1  8.3  4.0 

700-749  .  30,737  22,897  7,840  2.8  4.4  1.4 

750-800  .  10,988  9,125  1,863  1.0  1.8  0.3 


1992 


Total  test-takers .  1,034,131  491,748  542,383 

200-249  .  13,414  4,982  8,432  1.3  1.0  1.6 

250-299  .  52,302  19,362  32,940  5.1  3.9  6.1 

300-349  .  97,115  37,135  59,980  9.4  7.6  11.1 

350-399  .  128,711  51,452  77,259  12.4  10.5  14.2 

400-449  . 143,226  60,496  82,730  13.8  12.3  15.3 

450-499  .  150,941  68,108  82,833  14.6  13.9  15.3 

500-549  .  150,284  73,137  77,147  14.5  14.9  14.2 

550-599  .  110,741  58,805  51,936  10.7  12.0  9.6 

600-649  .  82,996  48,034  34,962  8.0  9.8  6.4 

650-699  .  56,882  36,001  20,881  5.5  7.3  3.8 

700-749  .  33,387  23,209  10,178  3.2  4.7  1.9 

750-800  .  14,132  11,027  3.105  1.4  2.2  0.6 


SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service,  1987);  and  The 
College  Board.  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  falters  (Princeton:  Educational  Testing  Service,  1992). 

See  figures  1-7  and  1-8.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-19. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— white  students:  1967  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

1987 

Total  test-takers . 

.  788,613 

378,278 

410,335 

200-249  . 

.  4,346 

1,501 

2,845 

0.6 

0.4 

0.7 

250-299  . 

.  28,893 

9,947 

18,946 

3.7 

2.6 

4.6 

300-349  . 

.  57,838 

21,015 

36,823 

7.3 

5.6 

9.0 

350-399  . 

.  91 ,828 

35,175 

56,653 

11.6 

9.3 

13.8 

400-449  . 

.  113,172 

46,106 

67,066 

14.4 

12.2 

16.3 

450-499  . 

.  125,741 

55,316 

70,425 

15.9 

14.6 

17.2 

500-549  . 

.  109,576 

53,251 

56,325 

13.9 

14.1 

13.7 

550-599  . 

.  99,391 

53,244 

46,147 

12.6 

14.1 

11.2 

600-649  . 

.  73,253 

43,287 

29.966 

9.3 

11.4 

7.3 

650-699  . 

.  52,908 

34,853 

18,055 

6.7 

9.2 

4.4 

700-749  . 

.  23,679 

17,839 

5.840 

3.0 

4.7 

1.4 

750-800  . 

.  7,988 

6,744 

1,244 

1.0 

1.8 

0.3 

1992 

Total  test-takers . 

.  680,806 

321 ,665 

359,141 

200-249  . 

.  4,181 

1,403 

2.778 

0.6 

0.4 

0.8 

250-299  . 

.  20,993 

7,188 

13,805 

3.1 

2.2 

3.8 

300-349  . 

.  49,044 

17,681 

31,363 

7.2 

5.5 

8.7 

350-399  . 

.  77,003 

29,208 

47.795 

11.3 

9.1 

13.3 

400-449  . 

.  95,104 

38,521 

56,583 

14.0 

12.0 

15.8 

450-499  . 

.  107,209 

46,931 

60,278 

15.7 

14.6 

16.8 

500-549  . 

.  111,367 

53,118 

58,249 

16.4 

16.5 

16.2 

550-599  . 

.  83,059 

43,600 

39,459 

12.2 

13.6 

11.0 

600-649  . 

.  61,710 

35,642 

26.068 

9.1 

11.1 

7.3 

650-699  . 

.  40,740 

25,985 

14,755 

6.0 

8.1 

4.1 

700-749  . 

.  22,153 

15,746 

6,407 

3.3 

4.9 

1.8 

750-800  . 

.  8,243 

6,642 

1.601 

1.2 

2.1 

0.4 

SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1987);  and  The 
College  Board.  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1 992). 

See  figures  1-8  and  1-9.  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  1-20. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— Asian  students:  1987  and  1992 


Score  range  All  students  Males  Females  All  students  Males  Females 


- Number - -  Percent 


1987 


Total  test-takers .  58.216  30.220  27.996 

200-249  .  434  178  256  0.7  0.6  0.9 

250-299  .  2.005  830  1.175  3.4  2.7  4.2 

300-349  .  3.512  1.435  2.077  6.0  4.7  7.4 

350-399  .  5.318  2.206  3.112  9.1  7.3  11.1 

400-449  .  6.472  2.948  3.524  11.1  9.8  12.6 

450-499  .  7,503  3.554  3.949  12.9  11.8  14.1 

500-549  .  7,076  3,535  3,541  12.2  11.7  12.6 

550-599  .  7,270  3,846  3,424  12.5  12.7  12.2 

600-649  .  6,820  3,802  3.018  11.7  12.6  10.8 

650-699  .  5,885  3,649  2.236  10.1  12,1  8.0 

700-749  .  3,976  2,730  1,246  6.8  9.0  4.5 

750-800  .  1,945  1,507  438  3.3  5.0  1.6 


1992 


Total  test-takers .  78,387  39,182  39,205 

200-249  .  609  213  396  0.7  0.6  0.8 

250-299  .  2,280  866  1,414  2.6  2.4  2.7 

300-349  .  4,383  1,705  2,678  5.6  4.4  6.8 

350-399  .  6,453  2,641  3,812  8.2  6.7  9.7 

400-449  .  8,017  3,455  4.562  10.2  8.8  11.6 

450-499  .  9,330  4,198  5.132  11.9  10.7  13.1 

500-549  .  10,569  5,030  5.539  13.5  12.8  14.1 

550-599  .  9,539  4,788  4.751  12.2  12.2  12.1 

600-649  .  8.951  4,827  4,124  11.4  12.3  10.5 

650-699  .  7,816  4,511  3.305  10,0  11.5  8.4 

700-749  .  6,443  4,065  2.378  8.2  10,4  6.1 

750-800  .  3,997  2,883  1.114  5.1  7.4  2.8 


SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1987):  arxj  The 
College  Board.  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  Tairers  (Princeton:  Educational  Testing  Service.  1992). 

See  figures  1-8  and  1-9.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-21. 

DIstributkMi  of  score*  on  the  mathematics  SAT,  by  sex— black  students:  1987  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

1987 

Total  tost-takors . 

.  88,037 

36,193 

51,844 

200-249  . 

.  3,928 

1,471 

2,457 

4.5 

4.1 

4.7 

250-299  . 

.  15,992 

5,796 

10,196 

18.2 

16.0 

19.7 

300-349  . 

.  18,060 

6,766 

11,294 

20.5 

18.7 

21.8 

350-399  . 

.  17,242 

6,705 

10,537 

19.6 

18.5 

20.3 

400-449  . 

.  12,626 

5,293 

7,333 

14.3 

14.6 

14.1 

450-499  . 

.  9,098 

4,089 

5.009 

10.3 

11.3 

9.7 

500-549  . 

.  5,121 

2,520 

2,601 

5.8 

7.0 

5.0 

550-599  . 

.  3,190 

1,788 

1,402 

3.6 

4.9 

2.7 

600-649  . 

.  1,684 

1,002 

682 

1.9 

2.8 

1.3 

650-699  . 

.  795 

525 

270 

0.9 

1.5 

0.5 

700-749  . 

.  252 

195 

57 

0.3 

0.5 

0.1 

750-800  . 

.  49 

43 

6 

0.1 

0.1 

0.0 

1992 


Total  test-takers . 

.  99,126 

41 ,649 

57,477 

4.3 

3.8 

4.6 

200-249  . 

.  4,257 

1,595 

2.662 

14.6 

13.2 

15.6 

250-299  . 

.  14,444 

5,497 

8,947 

20.7 

19.1 

22.0 

300-349  . 

.  20,564 

7,946 

12,618 

19.4 

18.7 

20.0 

350-399  . 

.  19,273 

7,790 

11,483 

15.3 

15.4 

15.2 

400-449  . 

.  15,181 

6,418 

8.763 

11.0 

11.7 

10.5 

450-499  . 

.  10,867 

4,860 

6,007 

7.4 

8.4 

6.7 

500-549  . 

.  7,379 

3,516 

3,863 

3.8 

4.7 

3.1 

550-599  . 

.  3,757 

1,957 

1,800 

2.0 

2.8 

1.5 

600-649  . 

.  2,018 

1,161 

857 

1.0 

1.5 

0.6 

650-699  . 

.  956 

610 

346 

0.3 

0.6 

0.2 

700-749  . 

.  340 

231 

109 

0.1 

0.2 

0.0 

750-800  . 

.  90 

68 

22 

SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board,  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  {PrItKeXon:  Educational  Testing  Service.  1987);  and  The 
College  Board,  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service,  1992). 

See  figures  1-8  and  1-9.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-22. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— Hispanic  students:  1987  and  1992 

(page  1  of  2) 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

— Number- 

Percent 

Latin  Americans 

Totai  test-takers,  1987  . .  . 

.  .  .  18,895 

10,157 

9,997 

200-249  . 

422 

1,398 

283 

2.2 

13.8 

2.8 

250-299  . 

1 ,903 

648 

1,255 

10.1 

6.4 

12.6 

300-349  . 

2,554 

919 

1,635 

13.5 

9.0 

16.4 

350-399  . 

3,014 

1,217 

1,797 

16.0 

12.0 

18.0 

400-449  . 

2,953 

1,318 

1,635 

15.6 

13.0 

16.4 

450-499  . 

2,649 

1,341 

1,308 

14.0 

13.2 

13.1 

500-549  . 

1 ,980 

1,095 

885 

10.5 

10.8 

8.9 

550-599  . 

1 ,507 

894 

613 

8.0 

8.8 

6.1 

600-649  . 

965 

644 

321 

5.1 

6.3 

3.2 

650-699  . 

623 

442 

181 

3.3 

4.4 

1.8 

700-749  . 

257 

187 

70 

1.4 

1.8 

0.7 

750-800  . 

68 

54 

14 

0.4 

0.5 

0.1 

Totai  test-takers,  1992  . .  . 

.  .  .  26,766 

12,040 

14,726 

200-249  . 

684 

221 

463 

2.6 

1.8 

3.1 

250-299  . 

2,311 

722 

1,589 

8.6 

6.0 

10.8 

300-349  . 

3,845 

1,381 

2,464 

14.4 

11.5 

16.7 

350-399  . 

4,401 

1,715 

2,686 

16.4 

14.2 

18.2 

400-449  . 

3,987 

1,718 

2,269 

14.9 

14.3 

15.4 

450-499  . 

3,697 

1,735 

1,962 

13.8 

14.4 

13.3 

500-549  . 

3,103 

1,597 

1,506 

11.6 

13.3 

10.2 

550-599  . 

2,050 

1,162 

888 

7.7 

9.7 

6.0 

600-649  . 

1,361 

858 

503 

5.1 

7.1 

3.4 

650-699  . 

799 

529 

270 

3.0 

4.4 

1.8 

700-749  . 

403 

300 

103 

1.5 

2.5 

0.7 

750-800  . 

125 

102 

23 

0.5 

0.8 

0.2 

Mexican-Americans 

Total  test-takers,  1987  .  . . 

.  .  .  20,714 

9,605 

11,109 

200-249  . 

361 

123 

238 

1.7 

1.3 

2.1 

250-299  . 

1,916 

639 

1,277 

9.2 

6.7 

11.5 

300-349  . 

3,103 

1,145 

1,958 

15.0 

11.9 

17.6 

350-399  . 

3,783 

1,483 

2,300 

18.3 

15.4 

20.7 

400-449  . 

3,455 

1,544 

1,911 

16.7 

16.1 

17.2 

450-499  . 

3,054 

1,530 

1,524 

14.7 

15.9 

13.7 

500-549  . 

1 ,967 

1,079 

888 

9.5 

11.2 

8.0 

550-599  . 

1 ,564 

953 

611 

7.6 

9.9 

5.5 

600-649  . 

890 

618 

272 

4.3 

6.4 

2.4 

650-699  . 

427 

328 

99 

2.1 

3.4 

0.9 

700-749  . 

145 

118 

27 

0.7 

1.2 

0.2 

750-800  . 

49 

45 

4 

0.2 

0.5 

0.0 

Total  test-takers,  1992  .  .  . 

.  .  .  30,336 

13,751 

16,585 

200-249  . 

606 

207 

399 

2.0 

1.5 

2.4 

250-299  . 

2,523 

815 

1,708 

8.3 

5.9 

10.3 

300-349  . 

4,460 

1,666 

2,794 

14.7 

12.1 

16.8 

350-399  . 

5,385 

2,157 

3,228 

17.8 

15.7 

19.5 

400-449  . 

5,283 

2,246 

3,037 

17.4 

16.3 

18.3 

450-499  . 

4,335 

2,093 

2,242 

14.3 

15.2 

13.5 

500-549  . 

3,513 

1,845 

1.668 

11.6 

13.4 

10.1 

550-599  . 

2,063 

1,212 

851 

6.8 

8.8 

5.1 

600-649  . 

1,187 

761 

426 

3.9 

5.5 

2.6 

650-690  . 

636 

466 

170 

2.1 

3.4 

1.0 

700-749  . 

271 

215 

56 

0.9 

1.6 

0.3 

750-800  . 

74 

68 

6 

0.2 

0.5 

0.0 

(continued) 
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Appendix  table  1-22. 

Distribution  of  scores  on  the  mathematics  SAT,  by  sex— Hispanic  students:  1987  and  1992 

(page  2  of  2) 

Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

-Percent  — 

Puerto  Ricans 

Total  test-takers,  1987  . .  . 

.  .  .  10,304 

4,636 

5,668 

200-249  . 

412 

131 

281 

4.0 

2.8 

5.0 

250-299  . 

1,428 

475 

953 

13.9 

10.2 

16.8 

300-349  . 

1,825 

706 

1.119 

17.7 

15.2 

19.7 

350-399  . 

1 ,849 

774 

1,075 

17.9 

16.7 

19.0 

400-449  . 

1 ,530 

683 

847 

14.8 

14.7 

14.9 

450-^99 . 

1,335 

676 

659 

13.0 

14.6 

11.6 

500-549  . 

782 

445 

337 

7.6 

9.6 

5.9 

550-599  . 

575 

357 

218 

5.6 

7.7 

3.8 

600-649  . 

312 

203 

109 

3.0 

4.4 

1.9 

650-699  . 

188 

131 

57 

1.8 

2.8 

1.0 

700-749  . 

51 

40 

11 

0.5 

0.9 

0.2 

750-800  . 

17 

15 

2 

0.2 

0.3 

0.0 

Total  test-takers,  1992  . . . 

.  .  .  12,091 

5,304 

6,795 

200-249  . 

458 

163 

295 

3.8 

3.1 

4.3 

250-299  . 

1,468 

471 

997 

12.1 

8.9 

14.7 

300-349  . 

2,084 

763 

1,321 

17.2 

14.4 

19.4 

350-399  . 

2,144 

879 

1,265 

17.7 

16.6 

18.6 

400-449  . 

1,816 

790 

1,026 

15.0 

14.9 

15.1 

450-499  . 

1,587 

739 

848 

13.1 

13.9 

12.5 

500-549  . 

1,170 

623 

547 

9.7 

11.7 

8.1 

550-599  . 

637 

362 

275 

5.3 

6.8 

4.0 

600-649  . 

401 

261 

140 

3.3 

4.9 

2.1 

650-699  . 

213 

158 

55 

1.8 

3.0 

0.8 

700-749  . 

86 

64 

22 

0.7 

1.2 

0.3 

750-800  . 

27 

31 

4 

0.2 

0.6 

0.1 

SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  College  Board.  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Service.  1987);  and  The 
College  Board,  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  TaAers  (Princeton:  Educational  Testing  Service.  1992). 

See  figures  1-8  and  1-9.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  1-23. 

Distribution  of  scores  on  the  msthematics  SAT,  by  sex — Native  American  students:  1987  and  1992 


Score  range 

All  students 

Males 

Females 

All  students 

Males 

Females 

1987 

Total  teat-takers . 

.  10,107 

4,863 

5,244 

200-249  . 

.  160 

63 

97 

1.6 

1.3 

1.8 

250-299  . 

.  881 

312 

569 

8.7 

6.4 

10.9 

300-349  . 

.  1,345 

532 

813 

13.3 

10.9 

15.5 

350-399  . 

.  1,688 

720 

968 

16.7 

14.8 

18.5 

400-449  . 

.  1,690 

794 

896 

16.7 

16.3 

17.1 

450-499  . 

.  1,559 

760 

799 

15.4 

15.6 

15.2 

500-549  . 

.  1,146 

615 

531 

11.3 

12.6 

10.1 

550-599  . 

.  805 

497 

308 

8.0 

10.2 

5.9 

600-649  . 

.  471 

310 

161 

4.7 

6.4 

3.1 

650-099  . 

.  241 

164 

77 

2.4 

3.4 

1.5 

700-749  . 

.  98 

76 

22 

1.0 

1.6 

0.4 

750-800  . 

.  23 

20 

3 

0.2 

0.4 

0.1 

1992 

Total  test-takers . 

.  7,412 

3,525 

3,887 

200-249  . 

.  140 

65 

75 

1.9 

1.8 

1.9 

250-299  . 

.  532 

193 

339 

7.2 

5.5 

8.7 

300-349  . 

.  941 

352 

589 

12.7 

10.0 

15.2 

350-399  . 

.  1,110 

454 

656 

15.0 

12.9 

16.9 

400-449  . 

.  1 ,230 

560 

670 

16.6 

159 

17.2a 

450-499  . 

.  1,110 

542 

568 

15.0 

15.4 

14.6 

500-549  . 

.  1 ,001 

523 

478 

13.5 

14.8 

12.3 

550-599  . 

.  593 

344 

249 

8.0 

9.8 

6.4 

600-649  . 

.  390 

244 

146 

5.3 

6.9 

3.8 

650-699  . 

.  243 

159 

84 

3.3 

4.5 

2.2 

700-749  . 

.  94 

68 

26 

1.3 

1.9 

0.7 

750-800  . 

.  28 

21 

7 

0.4 

0.6 

0.2 

SAT  =  Scholastic  Aptitude  Test 

SOURCES:  The  Coilege  Board,  College-Bound  Seniors:  1987  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educationai  Testing  Service,  1987):  and  The 
College  Board,  College-Bound  Seniors:  1992  Profile  of  SAT  and  Achievement  Test  Takers  (Princeton:  Educational  Testing  Senrice.  1992). 

See  figures  1-8  and  1-9.  Science  S  Engineering  Indicators  -  1993 
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AfH^endix  table  1-24. 

Minority  student  population  and  new  minority  and  female  high  school  teachers,  by  state:  1991 

New  mathematics  teachers  New  science  teeK;hers 


State  students  Minority  Female  Minority  Female 


—  -  - Percent -  - 

Alabama .  37  41  61  4  65 

Arizona .  39  NA  NA  NA  NA 

Arkansas .  26  27  50  0  35 

California .  54  53  45  18  48 

Colorado .  25  25  47  2  67 

Connecticut .  25  23  67  9  73 

Delaware .  32  30  60  20  33 

Florida .  38  41  63  20  56 

Hawaii .  87  76  56  50  33 

Idaho .  0  8  41  0  50 

Illinois .  34  35  57  4  55 

Indiana .  14  14  50  2  64 

Iowa .  6  8  47  3  43 

Kansas .  15  14  44  2  43 

Kentucky .  10  10  66  5  61 

Maine .  C  3  42  NA  57 

Maryland .  38  NA  NA  NA  NA 

Michigan .  22  22  55  2  42 

Minnesota .  10  10  59  NA  47 

Mississippi .  52  48  69  16  56 

Missouri .  0  18  62  4  52 

Montana .  11  12  36  0  15 

Nevada .  26  26  42  9  41 

New  Jersey .  35  32  70  11  47 

New  Mexico .  58  58  47  28  31 

New  York .  34  34  46  NA  61 

North  Carolina .  34  32  72  12  67 

North  Dakota .  9  NA  NA  NA  NA 

Ohio .  17  16  38  0  40 

Oklahoma .  26  28  60  0  50 

Pennsylvania .  28  17  51  11  40 

Rhode  Island .  16  17  38  20  80 

South  Carolina .  42  43  64  2  63 

South  Dakota .  0  13  33  0  23 

Texas .  50  48  55  21  51 

Utah .  7  8  50  13  13 

Vermont .  2  3  33  0  67 

Virginia .  32  NA  NA  NA  NA 

Wisconsin .  15  NA  NA  NA  NA 

Wyoming .  10  10  27  0  45 

Puerto  Rico .  100  100  56  100  77 


NA  =  not  available 

NOTE:  Data  are  as  of  October  1991,  and  reflect  reports  from  35  States  and  Puerto  Rico. 

SOURCES:  R.  Blank  and  D.  Grubel,  State  Indicators  of  Science  and  Mathematics  Education  1993  (Washington,  DC:  Council  of  Chief  State  School  Officers,  1993);  and 
National  Center  for  Education  Statistics,  Schools  and  Staffing  in  the  United  States:  A  Statistical  Profile,  1990-91  (Washington,  DC:  Department  of  Education,  1 993). 
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Appendix  table  1-25. 

Mathematics  and  science  teachers  of  grades  9-12  with  majors  in  their  field,  by  state:  1988  and  1991 


State 

Mathematics  teachers  with  math  majors 

1988  1991 

Science  teachers  with  science  majors 

1988  1991 

All  states . 

.  63 

Percent 

61 

64 

70 

Alabama . 

.  69 

87 

63 

63 

Alaska . 

.  32 

25 

55 

68 

Arizona . 

.  NA 

64 

51 

69 

Arkansas . 

.  63 

67 

54 

48 

California . 

.  37 

33 

54 

62 

Colorado . 

.  55 

49 

75 

75 

Connecticut . 

.  57 

73 

67 

85 

Delaware . 

.  NA 

NA 

NA 

NA 

District  of  Columbia . 

.  NA 

NA 

NA 

NA 

Florida . 

.  60 

52 

67 

67 

Georgia . 

.  76 

75 

62 

77 

Hawaii . 

.  NA 

NA 

NA 

NA 

Idaho . 

.  60 

45 

52 

63 

Illinois . 

.  67 

63 

63 

77 

Indiana . 

.  59 

68 

65 

79 

Iowa . 

.  64 

57 

68 

72 

Kansas  . 

.  74 

78 

44 

66 

Kentucky . 

.  73 

77 

67 

72 

Louisiana . 

.  55 

55 

44 

50 

Maine . 

.  49 

62 

57 

73 

Maryland . 

.  90 

68 

NA 

82 

Massachusetts . 

.  61 

58 

62 

84 

Michigan . 

.  71 

60 

68 

70 

Minnesota . 

.  75 

79 

82 

80 

Mississippi . 

.  77 

80 

72 

Missouri . 

.  71 

70 

76 

65 

Montana . 

.  62 

72 

68 

71 

Nebraska . 

.  67 

76 

55 

72 

Nevada  . 

.  NA 

67 

NA 

NA 

New  Hampshire . 

.  NA 

NA 

NA 

NA 

New  Jersey . 

.  73 

75 

82 

73 

New  Mexico . 

.  57 

54 

54 

41 

New  York . 

.  67 

60 

69 

84 

North  Carolina . 

.  60 

73 

64 

84 

North  Dakota . 

.  t5 

69 

74 

63 

Ohio . 

.  68 

71 

71 

66 

Oklahoma . 

.  52 

65 

56 

58 

Oregon . 

.  42 

48 

66 

78 

Pennsylvania . 

.  83 

82 

81 

78 

Rhode  Island . 

.  NA 

NA 

NA 

NA 

South  Carolina . 

.  68 

71 

78 

64 

South  Dakota . 

.  65 

67 

44 

57 

Tennessee . 

.  57 

51 

44 

52 

Texas  . 

.  60 

54 

57 

56 

Utah . 

.  40 

47 

37 

66 

Vermont . 

.  NA 

NA 

NA 

NA 

Virginia . 

.  71 

62 

77 

69 

Washington . 

.  43 

43 

43 

64 

West  Virginia . 

.  74 

74 

58 

70 

Wisconsin . 

.  76 

75 

77 

74 

Wyoming . 

.  55 

73 

49 

77 

NA  =  not  available 

SOURCE:  R.  Blank  and  0.  Gruebel.  State  Indicators  of  Science  and  Mathematics  Education  1993  (Washington.  DC:  1993).  and  R.  Blank  and  M  Dalkilic.  Slate 
Indicators  ol  Science  and  Mathematics  Education  1990  (Washington.  DC:  Council  of  Chief  Slate  School  Officers.  1990) 
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Appendix  table  1-26. 

Teachers  whose  main  or  secondary  assignment  is  mathematics  or  science,  by  age,  sex,  and  race/ethnicity:  1987-88 
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SOURCES:  National  Center  for  Education  Statistics.  Schools  and  Staffing  in  the  United  States:  A  Statistical  Profile.  1990-91  (Washington,  DC:  Department  of  Education,  1993). 

See  figure  1-11  Science  S  Engineering  Indicators  -  199i 
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Appendix  table  2-1 . 

Participation  rate  of  22-year-oids  in  first  university  degree  in  the  naturai  sciences  and  engineering,  by  region/country: 
Most  current  year 


All 

Degree  fields 

22-year-olds 

first  univ. 

Natural 

Scxtial 

Total 

Vyith  first  With  NS&E 

Region/Country 

degrees 

sciences 

sciences  Engineering' 

number 

univ.  degrees  degrees^ 

- Percent - 

Total .  1,673,901  252,767  95,071  261,410  44,043,600  3.8  1.2 

China .  308,930  49,834  25,305  112,814  25,428,000  1.2  0.6 

India .  750,000  146,774  NA  29,000  15,545,800  4.8  1.1 

Japan^ .  400,103  25,153  56,264  81,355  1,787,400  22.4  6.0 

Singapore .  6,000  1,278  117  1,220  52,400  11.5  4.8 

South  Korea .  165,916  23,195  10.211  28,071  859,000  19.3  6.0 

Taiwan .  42,952  6,533  3,174  8,950  371,000  11.6  4.2 


Europe 


Total  Europe .  813,752  124,192  101,671  135,090  7,423,880  11.1  3.5 

European  Community .  604,551  99,306  89,987  95,594  5,548,880  11.1  3.5 

Belgium .  17,666  2,012  4,060  1,911  148,260  11.9  2.7 

Denmark .  13,934  573  674  2,764  78,900  17.7  4.2 

France .  77,904  14,320  6,991  16,080  849,480  9.2  3.6 

Germany .  137,376  26,321  33,935  38,288  1,361,120  10.9  5.1 

Greece .  28,264  4,187  2,965  2,447  154,560  18.3  4.3 

Ireland .  8,429  1,495  491  1,156  65,880  12.8  4.0 

Italy .  89,481  14,249  17,127  11,740  945,180  9.5  2.8 

The  Netherlands .  20,382  2,775  4,973  2,761  247,020  8.3  2.2 

Portugal .  12,053  1,203  1,129  2,064  169,840  7.1  1.9 

Spain .  121,899  13,302  5,519  6,644  655,640  18.6  3.0 

United  Kingdom .  77,163  18,869  12,123  9,739  873,000  8.9  3.2 

European  Free  Trade  Assoc.  ..  .  69,015  6,779  3,831  9,055  466,400  14.7  3.4 

Austria .  10,457  1,510  683  989  116,840  8.7  2.1 

Finland .  14,325  1,818  744  2,939  68,760  20.8  6.9 

Norway .  18,486  495  496  1,891  67,060  27.6  3.6 

Sweden .  17,062  1,491  1,200  2,547  117,580  14.5  3.4 

Switzerland .  8,685  1,465  708  689  96,160  9.0  2.2 

Central  Europe .  140,186  18,107  7,853  30,441  1,408,600  10.0  3.5 

Albania .  3,353  963  249  546  61,480  5.5  2.5 

Bulgaria .  21,817  1,972  574  5,813  121,160  18.0  6.4 

Czechoslovakia .  24,906  3,072  136  9,409  214,560  11.6  5.8 

Hungary .  12,468  1,046  555  1,323  141,400  8.8  1.7 

Poland .  50,058  7,024  2,081  7,391  500,000  10.0  2.9 

Yugoslavia .  27,584  4,030  4,258  5,959  370,000  7.5  2.7 


North  America 


Total .  1,356,618  128,483  201,210  118,704  5,541,600  24.5  4.5 

Canada .  130,164  13,420  23,120  7,739  391,800  33.2  5.4 

Mexico .  118,457  9,680  7,985  30,484  1,565,800  7.6  2.6 

United  States .  1,107,997  105,383  170,105  80,481  3,584,000  30.9  5.2 


NA  =  not  available:  NS&E  =  natural  sciences  and  engineering 

NOTES:  Data  are  compiled  from  numerous  national  and  international  sources  and  may  not  be  strictly  comparable.  For  Aslan  countries,  detailed  national  education 
statistics  were  reconfigured  to  the  International  Standard  Classification  of  Education  and  Classification  of  Instructional  Programs.  For  Europe,  detailed  national 
education  data  were  available  for  Austria.  France.  Germany,  Switzerland,  and  the  United  Kingdom:  these  data  were  standardized.  Data  for  Austria,  Finland,  Greece, 
Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991 .  Data  for  Albania,  the  former  Czechoslovakia,  and  Portugal  are  for  1989:  Belgium  data  are  lor  1968. 
All  other  country  data  are  for  1990.  Degrees  in  different  countries  may  not  be  academically  equivalent. 

'Includes  degrees  in  engineerirtg  technology. 

^Social  science  degrees  are  not  included  in  this  proportion. 

Japanese  social  sciences  data  are  adjusted  to  delete  business  administration. 

SOURCES:  National  sources. 

See  figure  2-1  and  text  table  2-t . 
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Appendix  table  2-2. 

Ratio  of  science  and  engineering  degrees  to  totai  first  university  degrees, 
by  region/country;  Most  current  year 


Region/country 

Total  S&E 

Natural  sciences  Social  sciences 

Engineering' 

Percent 

Asia 

China . 

.  .  61 

16 

8 

37 

India . 

.  .  24 

20 

NA 

4 

Japan^  . 

.  .  40 

6 

14 

20 

Singapore . 

.  .  43 

21 

2 

20 

South  Korea . 

.  .  37 

14 

6 

17 

Taiwan . 

.  .  43 

15 

7 

21 

Europe 

European  Community 

Belgium . 

.  .  45 

11 

23 

11 

Denmark . 

.  .  29 

4 

5 

20 

France  . 

.  .  48 

18 

9 

21 

Germany . 

.  .  72 

19 

25 

28 

Greece . 

.  .  34 

15 

10 

9 

Ireland . 

.  .  36 

18 

6 

12 

Italy . 

.  .  48 

16 

19 

13 

The  Netherlands  .  .  . 

.  .  52 

14 

24 

14 

Portugal . 

.  .  36 

10 

9 

17 

Spain . 

.  .  21 

11 

5 

5 

United  Kingdom.  .  .  . 

.  .  51 

24 

15 

12 

European  Free  Trade  Assoc. 

Austria . 

.  .  30 

14 

7 

9 

Finland . 

.  .  39 

13 

5 

21 

Norway . 

.  .  16 

3 

3 

10 

Sweden . 

.  .  31 

9 

7 

15 

Switzerland . 

.  .  33 

17 

8 

8 

Central  Europe 

Albania . 

.  .  52 

29 

7 

16 

Bulgaria . 

.  .  39 

9 

3 

27 

Czechoslovakia.  .  .  . 

.  .  51 

12 

1 

38 

Hungary . 

.  .  23 

8 

4 

11 

Poland . 

.  .  33 

14 

4 

15 

Yugoslavia . 

.  .  52 

15 

15 

22 

North  America 

Canada . 

.  .  34 

10 

18 

6 

Mexico . 

.  .  41 

8 

7 

26 

United  States . 

.  .  32 

10 

15 

7 

NA  not  available:  S&E  =  science  an'1  engineering 
'Includes  degrees  in  engineering  technology. 

^Japanese  social  sciences  data  are  adjusted  to  delete  business  administration. 

SOURCE:  Computed  from  data  in  appendix  table  2-1. 

See  figure  2-2.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  2-3. 

Participation  rate  of  22-year-olds  in  first  university  degrees  in  the  natural  sciences  and  engineering,  by  sex  and  country: 
Most  current  year 


All 

Degree  fields 

22-year-olds 

first  univ. 

Natural 

Social 

Total 

With  first  univ. 

With  NS&E 

Country 

degrees 

sciences 

sciences 

Engineering' 

number 

degree 

degree 

Percent 

Males 

France  . 

.  48,724 

9,442 

3,514 

13,080 

437,000 

112 

5.2 

Germany . 

.  88,908 

19,098 

19,387 

36,136 

654,000 

13.6 

8.5 

Japan^  . 

.  290,253 

20,221 

138,708 

78,705 

915,800 

31.7 

10.8 

Poland . 

.  23,015 

3,518 

788 

6,373 

252,800 

9.1 

3.9 

South  Korea . 

.  104,627 

15,953 

7,579 

26,763 

447,600 

23.4 

9.5 

Sweden . 

.  7,203 

896 

262 

2,018 

60,800 

11.8 

4.8 

Taiwan . 

.  23,556 

4,723 

1,167 

8,110 

190,800 

12.4 

6.7 

United  Kingdom . 

.  44,239 

12,158 

6,013 

8,572 

451,800 

9.8 

4.6 

United  States . 

.  508,952 

61 ,906 

74,900 

68,851 

1 ,769,400 

28.8 

7.4 

Females 

France . 

.  29,180 

4,878 

3,477 

3,000 

419,600 

7.0 

1.9 

Germany . 

.  48,468 

7,223 

14,548 

2,152 

617,600 

7.8 

1.5 

Japan^  . 

.  109,750 

4,932 

18,519 

2,650 

871 ,600 

12.6 

0.9 

Poland . 

.  27,043 

3,506 

1,293 

1,018 

240,800 

11.2 

1.9 

South  Korea . 

.  61 ,289 

7,242 

2,632 

1,308 

41 1 ,400 

14.9 

2.1 

Sweden . 

.  9,859 

595 

938 

529 

58,000 

17.0 

1.9 

Taiwan . 

.  19,396 

1,810 

2,007 

840 

180,200 

10.8 

1.5 

United  Kingdom . 

.  35,389 

6,711 

6,110 

1,166 

430,400 

8.2 

1.8 

United  States . 

.  566,284 

42,680 

87,359 

9,973 

1,856,000 

30.5 

1.4 

NS&E  °  natural  sciences  and  engineering 

NOTE:  Data  for  Sweden,  the  United  Kingdom,  and  the  United  States  are  for  1991 ;  all  others  are  for  1990. 

'Includes  engineering  technology. 

^Japanese  social  sciences  data  are  adjusted  to  delete  business  administration. 

SOURCES:  For  France.  Department  des  Statistiques  sur  I’Enseignement  Superieur,  Direction  de  I'Evaluation  et  de  la  Prospective,  Ministers  de  I'^ducation  Nationals: 
for  Germany,  ProfunQen  an  Hochschulen,  Statistisches  Bundesamt,  Wiesbaden;  for  Japan,  the  Monbusho  Survey  of  Education.  1 990;  for  Poland,  Office  of 
International  Relations  Polish  Academy  of  Sciences;  for  South  Korea,  Educational  Yearbook,  1990:  for  Sweden,  SCB  Statistics  Sweden;  for  Taiwan,  Educational 
Statistics  of  the  Republic  of  China.  1990;  for  the  United  Kingdom,  Universities  Statistical  Record:  and  for  the  United  States.  Science  Resources  Studies  Division, 
National  Science  Foundation,  Science  and  Engineering  Degrees:  1960-90,  NSF  92-326  (Washington,  DC:  NSF,  1992). 

See  text  table  2-2. 
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Appendix  table  2-5. 

Number  of  science  and  engineering  degrees,  by  degree  ievei  and  institution  type:  1991 


Institution  type 

Total 

degrees 

Total 
science  & 
engineering 

Natural 

sciences 

Math& 

computer 

sciences 

Social  & 
behavioral 
sciences 

Engineering 

Engineering 

technology' 

Bachelors  degrees 

Total . 

.  1,107,997 

337,675 

65.189 

40,194 

170,105 

62,187 

18,294 

Research  1 . 

_  222,635 

98,918 

19,760 

7,361 

46,410 

25,387 

1,241 

Research  II . 

_  93,279 

33,190 

5,991 

2,526 

17,149 

7,524 

1,186 

Doctorate-granting  1 . 

_  95,749 

27,384 

4,795 

2,940 

14,579 

5,070 

1,400 

Doctorate-granting  II  .... 

_  69,735 

21 ,987 

4,024 

2,639 

9,416 

5,908 

1,136 

Comprehensive  1 . 

-  406,621 

100,524 

18,323 

16,310 

51,988 

13,903 

8,251 

Comprehensive  II . 

_  52,356 

11,671 

2,725 

2,172 

6,353 

421 

389 

Liberal  arts  1 . 

....  46,694 

22,220 

5,179 

1,566 

15,014 

461 

27 

Liberal  arts  II . 

_  66,403 

14,011 

3,305 

2,417 

8,020 

269 

324 

Two-year . 

-  3,493 

515 

78 

115 

152 

170 

469 

Specialized . 

_  42,629 

4,866 

687 

1,781 

257 

2,141 

3,593 

Other . 

_  4,766 

2,299 

322 

292 

767 

918 

50 

Not  classified . 

....  3,637 

90 

0 

75 

0 

15 

228 

Masters  degrees 

Total . 

.  338,498 

78,368 

12,682 

12,956 

28,717 

24,013 

1,188 

Research  1 . 

_  91 ,729 

29,464 

5,511 

3,795 

8,535 

1 1 ,623 

139 

Research  II . 

_  29,589 

9,109 

1,646 

1,265 

2,980 

3,218 

109 

Doctorate-granting  1 . 

_  36,141 

7,642 

1,222 

1,365 

3,197 

1,858 

104 

Doctorate-granting  II  .... 

....  26,469 

7,037 

1,189 

1,284 

2,163 

2,401 

107 

Comprehensive  1 . 

_  109,166 

18,358 

2,471 

4,110 

8,389 

3,388 

555 

Comprehensive  II . 

-  11,980 

1,452 

67 

249 

1,091 

45 

27 

Liberal  arts  1 . 

....  3,751 

833 

86 

53 

651 

43 

0 

Liberal  arts  II . 

7,452 

791 

40 

23 

718 

10 

0 

Two-year . 

....  7 

0 

0 

0 

0 

0 

0 

Specialized . 

_  17,962 

2,182 

380 

720 

184 

898 

94 

Other  . 

-  3,755 

1,476 

70 

86 

791 

529 

53 

Not  classified . 

....  497 

24 

0 

6 

18 

0 

0 

Doctoral  degrees 

Total . 

.  37,451 

23,979 

10,152 

1,837 

6,778 

5,212 

0 

Research  1 . 

_  22,735 

15,632 

6,837 

1,292 

3,754 

3,749 

0 

Research  II . 

_  5,714 

3,423 

1,477 

260 

1,047 

639 

0 

Doctorate-granting  1 . 

-  4,866 

2,387 

796 

167 

1,074 

350 

0 

Doctorate-granting  II  .... 

_  2,028 

1,270 

489 

78 

364 

339 

0 

Comprehensive  1 . 

.  .  .  ,  678 

348 

143 

29 

95 

81 

0 

Comprehensive  II . 

.  .  .  ,  22 

15 

0 

0 

0 

15 

0 

Liberal  arts  1 . 

....  88 

33 

9 

4 

20 

0 

0 

Liberal  arts  II . 

....  7 

0 

0 

0 

0 

0 

0 

Specialized . 

....  875 

486 

392 

1 

66 

27 

0 

Other . 

....  377 

370 

9 

6 

343 

12 

0 

Not  classified . 

....  61 

15 

0 

0 

15 

0 

0 

'Engineering  technology  is  not  included  under  "Total  science  &  engineering." 

SOURCES:  National  Center  for  Education  Statistics.  U  S.  Department  of  Education,  Completion  Survey,  1991 ;  and  Science  Resources  Studies  Division,  National 
Science  Foundation,  unpublished  tabulations. 

See  figures  2-5  and  2-6  and  text  table  2-3. 
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Appendix  table  2-6. 

Number  of  institutions  awarding  science  and  engineering  degrees,  by  degree  level  and  institution  type:  1991 


Institution  type 

Total 

degrees 

Total 
science  & 
engineering 

Social  & 
behavioral 
sciences 

Natural 

sciences 

Math& 

computer 

sciences 

Engineering 

Engineering 

technology' 

Bachelors  degrees 

Total . 

_  1,814 

1,448 

1.332 

1,256 

1,279 

388 

331 

Research  1 . 

.  .  .  .  69 

67 

67 

67 

67 

62 

12 

Research  II . 

.  .  .  .  34 

34 

34 

34 

34 

28 

11 

Doctorate-granting  1 . 

.  .  .  .  48 

46 

46 

44 

45 

30 

18 

Doctorate-granting  II . 

.  .  .  .  58 

56 

51 

55 

53 

34 

18 

Comprehensive  1 . 

.  .  ,  .  424 

419 

411 

401 

412 

131 

167 

Comprehensive  II . 

.  .  .  .  168 

167 

163 

158 

158 

23 

29 

Liberal  arts  1 . 

.  ,  .  .  141 

138 

138 

133 

127 

16 

3 

Liberal  arts  II . 

.  ...  413 

389 

373 

332 

316 

32 

30 

Two-year . 

.  .  .  .  53 

20 

10 

5 

10 

1 

10 

Specialized . 

.  .  .  .  335 

94 

29 

22 

50 

22 

27 

Other . 

.  .  .  .  20 

15 

10 

5 

6 

7 

2 

Not  classified . 

51 

3 

0 

0 

1 

2 

4 

Masters  degrees 

Total . 

_  1 ,265 

738 

598 

480 

432 

255 

65 

Research  1 . 

.  .  .  .  69 

68 

68 

68 

67 

63 

6 

Research  II . 

.  .  .  .  34 

34 

34 

34 

33 

29 

6 

Doctorate-granting  1 . 

.  . .  .  49 

48 

48 

45 

46 

27 

9 

Doctorate-granting  II . 

. . .  .  58 

57 

48 

54 

48 

30 

6 

Comprehensive  1 . 

, . .  .  384 

318 

271 

202 

190 

76 

31 

Comprehensive  II . 

.  . . ,  123 

50 

37 

12 

16 

5 

1 

Liberal  arts  1 . 

54 

30 

21 

17 

9 

2 

0 

Liberal  arts  II . 

.  ,  . .  156 

42 

37 

8 

3 

1 

0 

Two-year . 

.  .  .  .  2 

0 

0 

0 

0 

0 

0 

Specialized . 

.  .  .  .  279 

69 

17 

36 

15 

17 

5 

Other . 

.  .  .  .  32 

20 

16 

4 

4 

5 

1 

Not  classified . 

.  .  .  .  25 

2 

1 

0 

1 

0 

0 

Doctoral  degrees 

Total . 

.  .  . .  355 

299 

221 

257 

156 

167 

0 

Research  1 . 

.  .  .  .  71 

71 

69 

71 

67 

65 

0 

Research  II . 

.  .  .  .  34 

34 

34 

34 

31 

27 

0 

Doctorate-granting  1 . 

.  . .  .  49 

48 

47 

45 

30 

26 

0 

Doctorate-granting  II . 

. . ,  .  57 

53 

39 

44 

19 

28 

0 

Comprehensive  1 . 

.  . .  .  60 

36 

11 

27 

4 

12 

0 

Comprehensive  II . 

.  .  .  .  3 

1 

0 

0 

0 

1 

0 

Liberal  arts  1 . 

.  .  .  .  6 

4 

3 

2 

1 

0 

0 

Liberal  arts  II . 

.  .  .  .  2 

0 

0 

0 

0 

0 

0 

Specialized . 

.  .  .  .  59 

38 

7 

32 

1 

5 

0 

Other . 

.  .  .  .  13 

13 

10 

2 

3 

3 

0 

Not  classified . 

.  .  .  .  1 

1 

1 

0 

0 

0 

0 

'Engineering  technology  is  not  included  under  "Total  science  &  engineering." 

SOURCES:  National  Center  for  Education  Statistics,  U.S.  Department  of  Education.  Completion  Survey.  1991 :  and  Science  Resources  Studies  Division.  National 
Science  Foundation,  unpublished  tabulations. 

See  text  table  2-3. 
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Appendix  table  2-7. 

Proportion  of  undergraduate  instruction  provided  by  various  facuity  members,  by  fieid  and 
institution  type:  1990 


All 

institutions 

Research 

l&ll 

Doctorate- 
granting  1  &  II 

Comprehensive 

1  &  II 

Liberal 
arts  1  &  II 

-  - 

Percent 

Geology 

Full-time  taculty . 

79 

66 

71 

81 

92 

Part-time  faculty  .  .  .  . 

9 

4 

7 

13 

5 

Teaching  assistant.  ,  . 

12 

30 

21 

5 

2 

Other  faculty . 

0 

0 

1 

0 

0 

Physics 

Full-time  faculty . 

85 

59 

68 

89 

90 

Part-time  faculty  .  .  .  , 

7 

4 

7 

8 

6 

Teaching  assistant.  ,  . 

8 

36 

25 

3 

3 

Other  faculty . 

0 

0 

0 

0 

1 

Sociology 

Full-time  faculty . 

82 

68 

78 

83 

85 

Part-time  faculty  .  .  .  . 

15 

11 

15 

17 

14 

Teaching  assistant.  .  . 

2 

20 

6 

0 

0 

Other  faculty . 

1 

1 

0 

0 

0 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation,  Survey  on  Undergraduate  Education  in 
Geo/ogy  (Washington,  DC:  NSF.  1992):  SRS,  Survey  on  Undergraduate  Education  in  Physics  {Vi/ashington.  DC:  NSF.  1992): 
and  SRS,  Survey  on  Undergraduate  Education  in  Soc/o/ogy  (Washington.  DC:  NSF,  1992). 

See  figure  2-7  and  text  table  2-4.  Science  S  Engineering  Indicators  - 1 993 
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Appendix  table  2-8. 

Total  undergraduate  enrollments,  by  race/ethnicity/citizenship  and  sex:  197&-91 


Race,  ethnicity,  and  citizenship  1976  1980  1982  1984  1986  1988  1990  1991 


Thousands 

All  students 

Total .  9,419  10,469  10,789  10,611  10,798  11,304  11,959  12.439 

White .  7.741  8,481  8,676  8,484  8.558  8,907  9,273  9.508 

Asian .  169  249  308  343  393  437  501  559 

Black .  943  1,019  1.020  995  996  1.039  1.147  1,229 

Hispanic .  353  433  480  495  563  631  725  804 

Native  American .  76  84  88  84  90  93  95  106 

Foreign  citizen .  143  210  223  216  205  205  219  234 


Men 


Total .  4,897  4,997  5,140  5,002  5.018  5.134  5.339  5.571 

White .  4,052  4.055  4,134  4,005  3.978  4,054  4.166  4,273 

Asian .  91  129  163  182  207  224  247  281 

Black .  431  428  425  405  403  408  463  478 

Hispanic .  192  211  232  234  264  287  318  361 

Native  American .  35  35  37  35  37  36  40  44 

Foreign  citizen .  96  140  149  142  130  124  129  133 


Women 


Total .  4,522  5.472  5.649  5,608  5.781  6.170  6.524  6.868 

White .  3.688  4,426  4.542  4.479  4,580  4,853  5.066  5,235 

Asian .  78  120  145  161  186  212  238  277 

Black .  513  591  595  590  594  631  684  751 

Hispanic .  161  222  248  261  299  344  384  443 

Native  American .  35  43  45  43  47  50  55  62 

Foreign  citizen .  47  70  74  74  74  81  97  101 


SOURCES:  National  Center  for  Education  Statistics  (NCES).  U  S.  Department  of  Education.  Digest  of  Education  Statistics.  NCES  92-097  (Washington  DC 
Government  Printing  Office,  1992):  NCES.  Trends  in  Racial/Ethnic  Enrollment  in  Higher  Education:  Fall  1982  Through  Fall  1991.  NCES  93-448  (Washington.  DC 
GPO,  1993):  and  NCES.  unpublished  tabulations. 
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Appendix  table  2-9. 

Undergraduate  enrollment  In  engineering  and  engineering  technology  programs:  1979-92 
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See  figure  2-9.  Science  &  Engineering  Indicators  -  1993 
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Planned  college  majors  of  National  Merit  Schoiars:  1982-92 
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1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

Totai 

Male . 

2,830 

2,851 

3,026 

3,197 

3,247 

3.041 

2.987 

3  198 

3.006 

3.103 

3,192 

Female . 

1,740 

1,831 

1.815 

1,729 

1.602 

1.595 

1.628 

1.517 

1.767 

1,762 

1.903 

Engineering 

Male . 

969 

1.068 

1.039 

1.112 

1.142 

1.030 

997 

1,049 

952 

1.098 

1.185 

Female . 

336 

361 

363 

288 

247 

251 

245 

237 

247 

248 

302 

Natural  sciences 

Male . 

973 

986 

1,121 

1.127 

1.060 

1.002 

979 

1.009 

1.045 

974 

1,008 

Female . 

544 

656 

603 

578 

483 

478 

476 

422 

521 

544 

606 

Astronomy 

Male . 

19 

14 

20 

17 

22 

28 

28 

22 

23 

18 

9 

Female . 

10 

2 

9 

7 

10 

5 

5 

6 

6 

10 

9 

Biochemistry 

Male . 

65 

62 

70 

69 

61 

80 

79 

59 

61 

77 

82 

Female . 

56 

65 

77 

72 

45 

63 

53 

53 

63 

58 

85 

BiobCiences,  unspecified 

Male . 

85 

72 

85 

113 

107 

69 

84 

66 

68 

67 

86 

Female . 

103 

122 

131 

121 

115 

79 

95 

84 

101 

91 

107 

Biology,  botany,  zoology 

Male . 

61 

42 

47 

46 

56 

75 

73 

60 

93 

86 

82 

Female . 

71 

96 

70 

88 

80 

88 

91 

86 

102 

139 

151 

Biophysics 

Male . 

4 

8 

12 

13 

5 

10 

5 

9 

6 

5 

13 

Female . 

5 

5 

4 

3 

1 

2 

1 

4 

2 

0 

3 

Chemistry 

Male . 

77 

64 

87 

98 

87 

71 

91 

79 

75 

89 

103 

Female . 

47 

64 

48 

60 

48 

45 

37 

42 

51 

50 

61 

Computer  sciences 

Male . 

244 

325 

326 

264 

219 

186 

180 

221 

200 

183 

201 

Female . 

104 

135 

92 

49 

26 

29 

29 

19 

28 

28 

24 

Earth  sciences 

Male . 

22 

16 

10 

13 

10 

9 

5 

12 

12 

16 

16 

Female . 

12 

16 

8 

12 

5 

7 

9 

5 

6 

9 

15 

Math  and  statistics 

Male . 

118 

103 

139 

145 

154 

142 

104 

155 

149 

147 

126 

Female . 

65 

63 

91 

74 

73 

69 

68 

50 

74 

70 

68 

Physical  sciences,  unspecified 

Male . 

66 

65 

71 

84 

74 

74 

107 

86 

87 

74 

81 

Female . 

33 

29 

37 

36 

29 

43 

49 

26 

45 

37 

41 

Physics 

Male . 

212 

215 

254 

265 

265 

258 

223 

240 

271 

212 

209 

Female . 

38 

59 

36 

56 

51 

48 

39 

47 

43 

52 

42 

Health  sciences 

Male . 

357 

344 

359 

386 

384 

312 

249 

290 

228 

315 

351 

Female . 

325 

315 

307 

300 

274 

234 

236 

212 

244 

241 

307 

Social  sciences 

Male . 

210 

206 

231 

244 

303 

320 

346 

375 

346 

295 

279 

Female . 

179 

182 

195 

222 

223 

285 

298 

311 

346 

331 

325 

(continued) 
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Appendix  table  2-13. 

Planned  college  majors  of  National  Merit  Schoiars:  1982-92 

(page  2  of  2) 


1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

Business 

Male . 

.  135 

100 

114 

157 

170 

171 

183 

206 

183 

170 

136 

Female . 

.  138 

135 

139 

135 

147 

116 

136 

104 

109 

111 

88 

Arts 

Male . 

.  72 

52 

70 

80 

70 

65 

70 

73 

82 

83 

73 

Female . 

.  78 

72 

78 

71 

80 

76 

76 

49 

78 

85 

77 

Other 

Male . 

.  114 

95 

92 

91 

118 

141 

163 

196 

170 

168 

160 

Female . 

.  140 

110 

130 

135 

148 

155 

161 

182 

222 

202 

198 

Undecided 

Male . 

.  75 

57 

82 

82 

102 

306 

439 

434 

460 

472 

504 

Female . 

.  67 

51 

93 

78 

82 

298 

285 

321 

368 

333 

401 

SOURCE:  National  Merit  Scholarship  Corporation.  Annus/ Report  (Evanston.  IL:  Ongoing  annual  series)  Used  with  permission. 
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Appendix  table  2-14. 

Freshmen  reporting  need  for  remedial  work  in  science  or  mathematics,  by  intended  major,  sex, 
and  race/ethnicity:  1992 


Race/ethnicity 

Sex  - - — ^ - 

All  -  Native 

Intended  major  students  Male  Female  White  Asian  Black  Hispanic  American 


—  - - Percent- 

S&E 


Science . 

8.9 

6.9 

11.2 

7.5 

16.1 

20.4 

20.8 

17.4 

Math . 

20.6 

15.4 

26.9 

19.1 

18.8 

44.1 

38.0 

38.3 

Physical  science 

Science . 

6.2 

4.4 

9.6 

4.5 

11.5 

19.7 

16.0 

26.4 

Math . 

12.2 

9.3 

17.6 

11.0 

12.7 

31.0 

29.9 

35.1 

Biological  science 

Science . 

8.7 

6.6 

10.4 

7.6 

19.4 

19.8 

18.2 

26.0 

Math . 

23.3 

19.2 

27.0 

21.5 

22.4 

48.8 

38.1 

42.7 

Social  science 

Science . 

9.1 

7.0 

10.6 

9.0 

17.1 

21.5 

19.2 

16.2 

Math . 

26.3 

21.2 

30.0 

25.2 

25.8 

54.1 

44.9 

51.3 

Engineering 

Science . 

8.5 

7.4 

13.4 

6.4 

14.6 

20.5 

23.0 

18.0 

Math . 

13.3 

12.7 

16.2 

12.5 

14.2 

36.1 

30.9 

28.2 

Non-S&E 

Science . 

10.1 

8.6 

11.2 

10.4 

18.3 

22.2 

24.6 

25.5 

Math . 

24.4 

21.0 

27.0 

25.8 

26.0 

49.7 

41.0 

44.6 

S&E  ,,  science  and  engineering 

SOURCE;  Higher  Education  Research  Institute.  University  of  California  at  Los  Angeles.  Survey  o1  the  American  Freshman:  National  Norms  (Los  Angeles:  1 992), 
unpublished  tabulations. 

See  figure  2-1 1 . 
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Appendix  table  2-1 5. 

Reasons  given  by  high  school  seniors  for  not  taking  math  and  science  classes:  1990  and  1993 


Plans  after  high  school 

All 

Sex 

Sci/math/eng 

Health 

Other  college 

Noncollege- 

Reason 

students 

Male  Female 

major 

major 

major 

bound 

Math  classes 

Percent 

There  were  other  courses  1  wanted 

1990. .  .  . 

.  37 

33 

40 

36 

41 

47 

34 

to  take 

1993. .  .  . 

.  37 

34 

40 

36 

32 

35 

33 

1  do  not  like  math 

1990.  .  .  . 

.  35 

27 

40 

41 

41 

43 

31 

1993.  .  .  . 

.  33 

30 

36 

36 

19 

37 

29 

1  did  not  think  1  would  do  well  in 

1990. .  .  . 

.  30 

28 

32 

38 

33 

44 

24 

more  advanced  math  classes 

1993. .  .  . 

.  31 

31 

32 

50 

23 

37 

23 

1  was  advised  1  did  not  need  to 

1990. .  .  . 

.  30 

26 

34 

25 

18 

28 

31 

take  more  math 

1993.  .  .  . 

.  30 

28 

32 

36 

18 

16 

31 

1  will  not  need  advanced  math  for 

1990. .  .  . 

.  28 

31 

26 

15 

12 

38 

29 

what  1  plan  to  do  in  the  future 

1993.  .  .  . 

.  27 

23 

30 

20 

16 

34 

25 

1  did  not  want  to  work  that  hard 

1990.  .  .  . 

.  27 

27 

27 

33 

35 

27 

22 

during  my  senior  year 

1993. .  .  . 

.  30 

31 

29 

30 

37 

32 

26 

1  have  taken  the  highest  level  math 

1990.  .  .  . 

.  5 

7 

3 

8 

2 

2 

6 

course  available  here 

1993.  .  .  . 

.  6 

7 

5 

9 

4 

5 

7 

1990  .  .  .  . 

.  .  .  .  N  =  677 

293 

384 

61 

49 

197 

405 

1993  .  .  .  . 

.  .  .  .  N  =  772 

375 

397 

44 

57 

164 

344 

Science  classes 

1  will  not  need  advanced  science 

1990. .  .  . 

.  40 

42 

37 

35 

12 

52 

39 

for  what  1  plan  to  do  in  the  future 

1993. .  .  . 

.  34 

36 

33 

25 

4 

47 

31 

There  were  other  courses  1  wanted 

1990. .  .  . 

.  37 

32 

41 

41 

35 

43 

32 

to  take 

1993. .  .  . 

.  40 

38 

42 

29 

38 

42 

30 

1  was  advised  1  did  not  need  to 

1990. .  .  . 

.  30 

26 

33 

26 

28 

28 

34 

take  more  science 

1993. .  .  . 

.  30 

28 

34 

34 

19 

22 

33 

1  do  not  like  science 

1990. .  .  . 

.  29 

22 

35 

24 

19 

36 

29 

1993. .  .  . 

.  29 

26 

32 

25 

10 

35 

26 

1  did  not  think  1  would  do  well  in 

1990. .  .  . 

.  24 

24 

24 

24 

16 

29 

22 

more  advanced  science  classes 

1993. .  .  . 

.  25 

22 

29 

23 

18 

28 

21 

1  did  not  want  to  work  that  hard 

1990. .  .  . 

.  23 

21 

25 

26 

27 

28 

21 

during  my  senior  year 

1993. .  .  . 

.  27 

26 

28 

28 

18 

26 

28 

1  have  taken  the  highest  level 

1990. .  .  . 

.  8 

9 

7 

6 

20 

7 

6 

science  course  available  here 

1993. .  .  . 

.  9 

10 

8 

9 

8 

5 

10 

1990  .  .  .  . 

_ N  =  897 

398 

499 

87 

48 

265 

426 

1993  .  .  .  . 

. .. , N  =  965 

487 

476 

61 

53 

248 

392 

SOURCE:  J.D.  Miller.  Longitudinal  Study  of  American  Youth  (DeKalb,  IL:  Social  Science  Research  Institute,  Northern  Illinois  University,  1993).  special  tabulations. 
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Appendix  table  2-1 6. 

Selected  math  and  science  courses  taken  by  high  school  seniors:  1990  and  1993 


Plans  after  high  school 

All 

Sex 

Sci/math/eng 

Health 

Other  college 

Noncollege- 

Course 

students 

Male 

Female 

major 

major 

major 

bound 

Math  classes 

-  -  - 

Percent 

Algebra 

1990  . 

.  89 

88 

89 

98 

99 

97 

77 

1993  . 

.  91 

91 

92 

98 

98 

98 

79 

Geometry 

1990  . 

.  71 

70 

71 

93 

95 

89 

48 

1993  . 

.  74 

73 

75 

94 

92 

89 

46 

Trigonometry 

1990  . 

.  28 

31 

27 

67 

52 

38 

6 

1993  . 

.  36 

36 

37 

74 

54 

42 

8 

Calculus 

1990  . 

.  8 

10 

6 

26 

16 

11 

• 

1993  . 

.  11 

13 

9 

33 

16 

8 

• 

1990 . 

. N  =  2,332 

1,107 

1,225 

276 

159 

474 

752 

1993 . 

. N  =  2,046 

1,071 

975 

229 

199 

464 

579 

Science  classes 

Low-level  science 

1990  . 

.  75 

74 

76 

62 

60 

73 

84 

1993  . 

.  73 

74 

72 

52 

62 

73 

90 

Biology 

1990  . 

.  92 

93 

92 

98 

98 

98 

86 

1993  . 

.  91 

90 

93 

96 

96 

96 

83 

Chemistry 

1990  . 

.  53 

54 

53 

84 

84 

73 

27 

1993  . 

.  60 

59 

62 

85 

83 

75 

29 

Physics 

1990  . 

.  23 

27 

19 

52 

51 

27 

6 

1993  . 

.  32 

32 

27 

64 

44 

30 

7 

1990 . 

. N  =  2,296 

1,096 

1,201 

276 

159 

486 

748 

1993 . 

. N=  2,016 

1,057 

959 

229 

199 

464 

578 

•  =  fewer  than  1 

SOURCE:  J.D.  Miller.  Longitudinal  Study  of  American  Youth  (DeKalb.  IL:  Social  Science  Research  Institute,  Northern  Illinois  University,  1993),  special  tabulations. 
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Appendix  table  2-18. 

Earned  associate  degrees,  by  race/ethnicity  and  field:  1977-91 


Race/ethnicity  and  field  1977  1979  1981  1985  1987  1989  1990  1991 


Total,  alt  degrees 

Science  and  engineering . 

Natural  sciences' . 

Math  and  computer  sciences . 

Social  &  behavioral  sciences-^ . 

Engineering . 

Engineering  technology . 

White,  all  degrees . 

Science  and  engineering . 

Natural  sciences' . 

Math  and  computer  sciences . 

Social  &  behavioral  sciences-^ . 

Engineering . 

Engineering  technology . 

Asian,  all  degrees . 

Science  and  engineering . 

Natural  sciences' . 

Math  and  computer  sciences . 

Social  &  behavioral  sciences^ . 

Engineering . 

Engineering  technology . 

Black,  all  degrees . 

Science  and  engineering . 

Natural  sciences' . 

Math  and  computer  sciences . 

Social  &  behavioral  sciences'^ . 

Engineering . 

Engineering  technology . 

Hispanic,  all  degrees . 

Science  and  engineering . 

Natural  sciences' . 

Math  and  computer  sciences . 

Social  &  behavioral  sciences^ . 

Engineering . 

Engineering  technology . 

Native  American,  all  degrees . 

Science  and  engineering . 

Natural  sciences' . 

Math  and  computer  sciences . 

Social  &  behavioral  sciences^ . 

Engineering . 

Engineering  technology . 


409,942 

407,471 

420.910 

459,087 

NA 

NA 

NA 

28,346 

NA 

NA 

NA 

4,691 

NA 

NA 

NA 

13.679 

NA 

NA 

NA 

6,053 

NA 

NA 

NA 

3,923 

38,244 

40.891 

51 ,661 

51,579 

342,382 

331,173 

339.183 

355.422 

NA 

NA 

NA 

19.616 

NA 

NA 

NA 

3.548 

NA 

NA 

NA 

10,255 

NA 

NA 

NA 

3.553 

NA 

NA 

NA 

2,260 

33,109 

33.662 

40.804 

40.934 

7,174 

7.617 

8,757 

10,165 

NA 

NA 

NA 

864 

NA 

NA 

NA 

86 

NA 

NA 

NA 

511 

NA 

NA 

NA 

83 

NA 

NA 

NA 

184 

781 

1.132 

1,641 

1,570 

33,176 

34.985 

35.330 

35,861 

NA 

NA 

NA 

2.027 

NA 

NA 

NA 

160 

NA 

NA 

NA 

938 

NA 

NA 

NA 

781 

NA 

NA 

NA 

148 

1,990 

2,022 

2,903 

3.395 

19,808 

20.710 

22.088 

22,783 

NA 

NA 

NA 

1,776 

NA 

NA 

NA 

248 

NA 

NA 

NA 

676 

NA 

NA 

NA 

726 

NA 

NA 

NA 

126 

1,644 

1,799 

2,219 

2,084 

2,499 

2.336 

2,584 

2.953 

NA 

NA 

NA 

193 

NA 

NA 

NA 

45 

NA 

NA 

NA 

56 

NA 

NA 

NA 

81 

NA 

NA 

NA 

11 

204 

191 

285 

267 

440.816 

440,375 

459,048 

486.297 

24,743 

22,074 

22,113 

22,082 

3.950 

3,952 

4.286 

4,430 

9,953 

8.846 

8.600 

8,640 

6,252 

6,544 

6.825 

6.502 

4,588 

2,732 

2.402 

2.510 

47.434 

46.180 

44,739 

42.595 

345.546 

330,557 

343.629 

376.869 

17,666 

15.525 

15,421 

15,695 

3.078 

3,231 

3,458 

3,574 

7,360 

6,044 

5,704 

6,054 

3,993 

4,264 

4,489 

4,200 

3,235 

1.986 

1,770 

1.867 

37,383 

33,584 

31.699 

33,792 

11.329 

11.761 

12,687 

15.069 

1.094 

891 

909 

912 

112 

120 

179 

220 

464 

401 

411 

388 

149 

176 

168 

158 

369 

194 

151 

146 

1.989 

1.663 

1.499 

1.496 

33.858 

32,185 

32,882 

37,854 

2,127 

1.817 

1,924 

2.038 

198 

125 

153 

149 

961 

828 

876 

921 

719 

744 

807 

842 

249 

120 

88 

126 

3,100 

2.829 

2.648 

3.030 

22.804 

23.475 

24,569 

29.019 

2.031 

1,744 

1,473 

1,740 

281 

236 

215 

232 

620 

609 

591 

677 

761 

723 

569 

678 

369 

176 

98 

153 

2,359 

2.232 

2,298 

2.411 

3,049 

3,102 

3,290 

3,772 

245 

227 

251 

326 

49 

44 

38 

66 

49 

67 

84 

91 

120 

104 

117 

148 

27 

12 

12 

21 

219 

257 

168 

232 

NA  =  not  available 

NOTES:  Data  on  associate  degrees  are  not  available  for  broad  science  and  engineering  fields  before  1983.  Data  by  racial/ethinic  group  were  collected  on  a  biennial 
schedule  until  1990.  Data  are  not  available  by  racial/ethnic  group  for  foreign  citizens  on  temporary  visas.  Data  by  racial/ethnic  group  are  collected  by  broad  fields  of 
study  only:  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the  National  Science  Foundation. 

'The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences. 

^The  social  and  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences. 

SOURCES:  National  Center  tor  Education  Statistics.  U  S.  Department  of  Education.  Earned  Degrees  and  Completion  Surveys:  and  Science  Resources  Studies 
Division.  National  Science  Foundation,  unpublished  tabulations. 


See  text  table  2-5. 
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Appendix  table  2-20. 

Earned  bachelors  degrees,  by  race/ethnicity/citizenship  and  field:  1977-91 

(page  1  of  2) 


Race/ethnicity  and  field 

1977 

1979 

1981 

1985 

198/ 

1989 

1990 

1991 

Total,  all  degrees . 

.  928,228 

931 ,340 

946,877 

990.877 

1.003.532 

1.030.171 

1.062.151 

1,107.997 

Science  and  engineering . 

.  374,579 

373,431 

374,693 

355,253 

355,873 

351.150 

360.242 

371.658 

Natural  sciences’ . 

.  98,342 

96.186 

90.254 

75.670 

68.929 

63,073 

62.865 

65.401 

Math  and  computer  sciences . 

.  20,729 

20.670 

26.406 

54.388 

56.442 

46.277 

42.369 

40.194 

Social  &  behavioral  sciences^ . 

.  205,831 

193.775 

182.638 

147.624 

156.079 

174.853 

190.305 

203.877 

Engineering . 

.  49,677 

62,800 

75.395 

77.571 

74.423 

66,947 

64.703 

62,186 

Engineering  technology . 

.  NA 

NA 

NA 

20.533 

20.577 

20,098 

19.150 

18.294 

U.S.  citizens  and  permanent  residents 

White,  all  degrees . 

.  807,857 

802.665 

807.509 

826.356 

819.477 

840.326 

856.686 

892.363 

Science  and  engineering . 

.  323,845 

318.819 

313.486 

290,388 

281,588 

277.106 

280.889 

289.253 

Natural  sciences' . 

.  88.308 

85,403 

78.778 

63.592 

55.898 

50.580 

49.527 

51.113 

Math  and  computer  sciences . 

.  18.110 

17,633 

22,013 

43.484 

42.446 

33.998 

30.683 

28.998 

Social  &  behavioral  sciences^ . 

.  175.355 

163,132 

151.839 

122.320 

126,753 

142.447 

153.185 

163.980 

Engineering . 

.  42,072 

52,651 

60.856 

60.992 

56,491 

50.081 

47.494 

45.162 

Engineering  technology . 

.  NA 

NA 

NA 

16.673 

16.541 

16.156 

15.251 

14.279 

Asian,  all  degrees . 

.  13,907 

15,542 

18.908 

25.562 

31.921 

37.573 

38,027 

41.725 

Science  and  engineering . 

.  6,558 

7,591 

9.572 

13.454 

17,114 

19,383 

19,698 

20.860 

Natural  sciences' . 

.  1 ,935 

2.227 

2,406 

2,880 

3,641 

3.973 

4,308 

4.670 

Math  and  computer  sciences . 

.  479 

587 

1,061 

2.929 

3.489 

3.287 

3.018 

2.925 

Social  &  behavioral  sciences^ . 

.  2,933 

2,919 

3,039 

3.163 

4,394 

6.048 

6,360 

7.045 

Engineering . 

.  1,211 

1.858 

3.066 

4.482 

5.590 

6.075 

6.012 

6.220 

Engineering  technology . 

.  NA 

NA 

NA 

542 

807 

839 

755 

768 

Black,  all  degrees . 

.  58,700 

60.301 

60.729 

57.563 

55.103 

56,837 

59.301 

65,009 

Science  and  engineering . 

.  23,134 

23.324 

23.767 

18.946 

18.955 

19.273 

20,074 

21.943 

Natural  sciences' . 

.  3,416 

3,541 

3,561 

3.096 

2.870 

2.756 

2.815 

3.026 

Math  and  computer  sciences . 

.  1 ,073 

1.159 

1,371 

2.913 

3.654 

3.249 

2.967 

2,808 

Social  &  behavioral  sciences^ . 

.  1 7,260 

16.849 

16.386 

10.898 

10.116 

11.201 

12,220 

13,880 

Engineering . 

.  1 ,385 

1.775 

2,449 

2.039 

2.315 

2.067 

2.072 

2.229 

Engineering  technology . 

.  NA 

NA 

NA 

1.277 

1,269 

1.208 

1,200 

1.227 

Hispanic,  all  degrees . 

.  27,043 

29.719 

33.167 

36,391 

38.196 

41.361 

43.864 

49.027 

Science  and  engineering . 

.  11 ,002 

12.163 

13.107 

12.848 

13.182 

14.177 

14.896 

16,290 

Natural  sciences' . 

.  2,271 

2,634 

2,958 

2.979 

2.964 

2,849 

2,859 

3.010 

Math  and  computer  sciences . 

.  435 

495 

688 

1,380 

1,696 

1.568 

1.498 

1 .695 

Social  &  behavioral  sciences^ . 

.  7.006 

7,479 

7.641 

6.302 

5.968 

7,199 

8,028 

9.019 

Engineering . 

.  1 ,290 

1.555 

1.820 

2.187 

2,554 

2.561 

2.511 

2.566 

Engineering  technology . 

.  NA 

NA 

NA 

525 

664 

634 

784 

731 

Native  American,  all  degrees . 

.  3.328 

3.410 

3.593 

4,246 

3.866 

3.967 

4.212 

4.486 

Science  and  engineering . 

.  1 .368 

1,411 

1.430 

1.500 

1.409 

1,361 

1.416 

1.519 

Natural  sciences' . 

.  338 

296 

298 

313 

259 

265 

262 

298 

Math  and  computer  sciences . 

.  41 

52 

39 

198 

164 

143 

129 

123 

Social  &  behavioral  sciences^ . 

.  854 

899 

898 

780 

776 

776 

879 

940 

Engineering . 

.  135 

164 

195 

209 

210 

177 

146 

158 

Engineering  technology . 

.  NA 

NA 

NA 

103 

78 

105 

69 

75 

(continued) 
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Appendix  table  2-20. 

Earned  bachelors  degrees,  by  race/ethnicity/citizenshIp  and  field:  1977-91 

(page  2  of  2) 


Race/ethnicity  and  field  1977  1979  1981  1985  1987  1989  1990  1991 


Foreign  citizens 


Ail  degrees .  15,744  17,853  22,631  29,258  28,592  26,457  26,553  29,657 

Science  and  engineering .  8,486  10,039  13,282  14,249  13,838  12,479  12,489  12,879 

Natural  sciences’ .  2,042  2,061  2,251  2,132  1,786  1,744  1,736  1,941 

Math  and  computer  sciences .  583  741  1,233  2,879  3,233  2,678  2,590  2,615 

Social  &  behavioral  sciences^ .  2,287  2,473  2,835  3,048  2,930  2,985  3,246  3,741 

Engineering .  3,574  4,764  6,963  6,190  5,889  5,072  4,917  4,582 

Engineering  technology .  NA  NA  NA  1,277  986  659  727  712 


NA  =  not  available 

NOTES:  Data  by  racial/ethnic  group  were  cxrllected  on  a  biennial  schedule  until  1990.  Data  are  not  available  by  racial/ethnic  group  for  foreign  citizens  on  temporary 
visas.  Data  by  racial/ethnic  group  are  collected  by  broad  fields  of  study  only;  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the 
National  Science  Foundation. 

'The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences, 
n'he  social  and  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  Science  and  Engineering  Degrees,  by  Race/Ethnicity  of  Recipients:  1977-91.  Detailed 
Statistical  Tables  (Washington,  DC:  NSF,  forthcoming). 
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Appendix  table  2-21 . 

Proportion  of  total  bachelors  degrees  obtained  in  science  and  engineering,  by  race/ethnicity/cItizenship:  1977-91 


1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

-  -  -  ---- 

Percent 

Whites 

Total  science  and  engineering . 

40.1 

39.7 

38.8 

35.1 

34.4 

33.0 

32.8 

32.4 

Natural  sciences . 

10.9 

10.6 

9.8 

7.7 

6.8 

6.0 

5.8 

5.7 

Math  and  computer  sciences . 

2.2 

2.2 

2.7 

5.3 

5.2 

4.0 

3.6 

3.2 

Social  and  behavioral  sciences . 

21.7 

20.3 

18.8 

14.8 

15.5 

17.0 

17.9 

18.4 

Engineering . 

5.2 

6.6 

7.5 

7.4 

6.9 

6.0 

5.5 

5.1 

Engineering  technology . 

0.0 

0.0 

0.0 

2.0 

2.0 

1.9 

1.8 

1.6 

Asians 

Total  science  and  engineering . 

47.2 

48.8 

50.6 

52.6 

53.6 

51.6 

51.8 

50.0 

Natural  sciences . 

13.9 

14.3 

12.7 

11.3 

11.4 

10.6 

11.3 

11.2 

Math  and  computer  sciences . 

3.4 

3.8 

5.6 

11.5 

10.9 

8.7 

7.9 

7.0 

Social  and  behavioral  sciences . 

21.1 

18.8 

16.1 

12.4 

13.8 

16.1 

16.7 

16.9 

Engineering . 

8.7 

12.0 

16.2 

17.5 

175 

16.2 

15.8 

14.9 

Engineering  technology . 

0.0 

0.0 

0.0 

2.1 

2.5 

2.2 

2.0 

1.8 

Blacks 

Total  science  and  engineering . 

39.4 

38.7 

39.1 

32.9 

34.4 

33.9 

33.9 

33.8 

Natural  sciences . 

5.8 

5.9 

5.9 

5.4 

5.2 

4.8 

4.7 

4.7 

Math  and  computer  sciences . 

1.8 

1.9 

2.3 

5.1 

6.6 

5.7 

5.0 

4.3 

Social  and  behavioral  sciences . 

29.4 

27.9 

27.0 

18.9 

18.4 

19.7 

20.6 

21.4 

Engineering . 

2.4 

2.9 

4.0 

3.5 

4.2 

3.6 

3.5 

3.4 

Engineering  technology . 

0.0 

0.0 

0.0 

2.2 

2.3 

2.1 

2.0 

1.9 

Hispanics 

Total  science  and  engineering . 

40.7 

40.9 

39.5 

35.3 

34.5 

34.3 

34.0 

33.2 

Natural  sciences . 

8.4 

8.9 

8.9 

8.2 

7.8 

6.9 

6.5 

6.1 

Math  and  computer  sciences . 

1.6 

1.7 

2.1 

3.8 

4.4 

3.8 

3.4 

3.5 

Social  and  behavioral  sciences . 

25.9 

25.2 

23.0 

17.3 

15.6 

17.4 

18.3 

18.4 

Engineering . 

4.8 

5.2 

5.5 

6.0 

6.7 

6.2 

5.7 

5.2 

Engineering  technology . 

0.0 

0.0 

0.0 

1.4 

1.7 

1.5 

1.8 

1.5 

Native  Americans 

Total  science  and  engineering . 

41.1 

41.4 

39.8 

35.3 

36.4 

34.3 

33.6 

33.9 

Natural  sciences . 

10.2 

8.7 

8.3 

7.4 

6.7 

6.7 

6.2 

6.6 

Math  and  computer  sciences . 

1.2 

1.5 

1.1 

4.7 

4.2 

3.6 

3.1 

2.7 

Social  and  behavioral  sciences . 

25.7 

26.4 

25.0 

18.4 

20.1 

19.6 

20.9 

21.0 

Engineering . 

4.1 

4.8 

5.4 

4.9 

5.4 

4.5 

3.5 

3.5 

Engineering  technology . 

0.0 

0.0 

0.0 

2.4 

2.0 

2.6 

1.6 

1.7 

Foreign  citizens 

Total  science  and  engineering . 

53.9 

56.2 

58.7 

48.7 

48.4 

47.2 

47.0 

43.4 

Natural  sciences . 

13.0 

11.5 

9.9 

7.3 

6.2 

6.6 

6.5 

6.5 

Math  and  computer  sciences . 

3.7 

4.2 

5.4 

9.8 

11.3 

10.1 

9.8 

8.8 

Social  and  behavioral  sciences . 

14.5 

13.9 

12.5 

10.4 

10.2 

11.3 

12.2 

12.6 

Engineering . 

22.7 

26.7 

30.8 

21.2 

20.6 

19.2 

18.5 

15.4 

Engineering  technology . 

0.0 

0.0 

0.0 

4.4 

3.4 

2.5 

2.7 

2.4 

SOURCE:  Computed  from  appendix  table  2-20. 
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Appendix  table  2-22. 

Participation  rates  in  science  and  engineering  bacheiors  degrees,  by  race/ethnicity/citizenship:  1977-91 


1977  1979  1981  1985  1987  1989  1990  1991 

Percent 

Whites 


Total,  all  fields .  87.0  86.2  85.3  83.4  81.7  81.6  80.7  80.5 

Science  and  engineering .  86.5  85.4  83.7  81.7  79.1  78.9  78.0  77.8 

Natural  sciences .  89.8  88.8  87.3  84.0  81.1  80.2  78.8  78.2 

Math  and  computer  sciences .  87.4  85.3  83.4  80.0  75.2  73.5  72.4  72.1 

Social  &  behavioral  sciences .  85.2  84.2  83.1  82.9  81.2  81.5  80.5  80.4 

Engineering .  84.7  83.8  80.7  78.6  75.9  74.8  73.4  72.6 

Engineering  technology .  0.0  0.0  0.0  81.2  80.4  80.4  79.6  78.1 


Asians 


Total,  all  fields .  1.5  1.7  2.0  2.6  3.2  3.6  3.6  3.8 

Science  and  engineering .  1.8  2.0  2.6  3.8  4.8  5.5  5.5  5.6 

Natural  sciences .  2.0  2.3  2.7  3.8  5.3  6.3  6.9  7.1 

Math  and  computer  sciences .  2.3  2.8  4.0  5.4  6.2  7.1  7.1  7.3 

Social  &  behavioral  sciences .  1.4  1.5  1.7  2.1  2.8  3.5  3.3  3.5 

Engineering .  2.4  3.0  4.1  5.8  7.5  9.1  9.3  10.0 

Engineering  technology .  0.0  0.0  0.0  2.6  3.9  4.2  3.9  4.2 


Blacks 


Total,  all  fields .  6.3  6.5  6.4  5.8  5.5  5.5  5.6  5.9 

Science  and  engineering .  6.2  6.2  6.3  5.3  5.3  5.5  5.6  5.9 

Natural  sciences .  3.5  3.7  3.9  4.1  4.2  4.4  4.5  4.6 

Math  and  computer  sciences .  5.2  5  6  5.2  5.4  6.5  7.0  7.0  7.0 

Social  &  behavioral  sciences .  8.4  8.7  9.0  7.4  6.5  6.4  6.4  6.8 

Engineering .  2.8  2.8  3.2  2.6  3.1  3.1  3.2  3.6 

Engineering  technology .  0.0  0.0  0.0  6.2  6.2  6.0  6.3  6.7 


HIspanics 


Total,  all  fields .  2.9  3.2  3.5  3.7  3.8  4.0  4.1  4.4 

Science  and  engineering .  2.9  3.3  3.5  3.6  3.7  4.0  4.1  4.4 

Natural  sciences .  2.3  2.7  3.3  3.9  4.3  4.5  4.5  4. 

Math  and  computer  sciences .  2.1  2.4  2.6  2.5  3.0  3.4  3.5  4. 

Social  &  behavioral  sciences .  3.4  3.9  4.2  4.3  3.8  4.1  4.2  4. 

Engineering .  2.6  2.5  2.4  2.8  3.4  3.8  3.9  4. 

Engineering  technology .  0.0  0.0  0.0  2.6  3.2  3.2  4.1  4. 


Native  Americans 


Total,  all  fields . 

_  0.4 

0.4 

mSm 

0.4 

mSm 

■B 

Science  and  engineering . 

_  0.4 

0.4 

Kl 

0.4 

B9 

mm 

Natural  sciences . 

-  0.3 

0.3 

KH 

0.4 

B9 

BS 

Math  and  computer  sciences . 

_  0.2 

0.3 

0.1 

WSm 

B9 

0.3 

Wm 

Social  &  behavioral  sciences . 

_  0.4 

0.5 

0.5 

■9 

0.4 

KB 

Engineering . 

-  0.3 

0.3 

0.3 

0.3 

0.2 

0.3 

Engineering  technology . 

-  0.0 

0.0 

0.5 

0.4 

0.5 

0.4 

0.4 

Foreign  citizens 

Total,  all  fields . 

_  1.7 

1.9 

2.4 

3.0 

2.8 

2.6 

2.5 

2.7 

Science  and  engineering . 

_  2.3 

2.7 

3.5 

4.0 

3.9 

3.6 

3.5 

3.5 

Natural  sciences . 

_  2.1 

2.1 

2.5 

2.8 

2.6 

2.8 

2.8 

3.0 

Math  and  computer  sciences . 

_  2.8 

3.6 

4.7 

5.3 

5.7 

5.8 

6.1 

6.5 

Social  &  behavioral  sciences . 

_  1.1 

1.3 

1.6 

2.1 

1.9 

1.7 

1.7 

1.8 

Engineering . 

_  7.2 

7.6 

9.2 

8.0 

7.9 

7.6 

7.6 

7.4 

Engineering  technology . 

_  0.0 

0.0 

0.0 

6.2 

4.8 

3.3 

3.8 

3.9 

SOURCE;  Computed  from  appendix  table  2-20. 

See  figure  2-13.  Science  S  Engm-  Indicators  - 1993 


Appendix  table  2-23. 

Graduate  enrollment  in  science  and  engineering,  by  sex  and  field:  1977-91 


Appendix  A.  Appendix  Tables 


278  * 


o 

cm 

o 

O) 

CO 

00 

y- 

o> 

CM 

CD 

T— 

CM 

D- 

3 

CM 

CD 

to 

to 

lO 

h-. 

to 

O) 

CNi 

CM 

00 

to 

CM 

to 

to 

CD 

s 

00 

Oi 

to 

co' 

s 

cm' 

co' 

cm’ 

o' 

CM* 

oo' 

o' 

o' 

to' 

r— 

CO 

•»— 

CD 

0) 

T— 

CM 

00 

CD 

to 

00 

Oi 

''t 

CM 

O) 

oo 

to 

CD 

o 

o 

Oi 

CO 

to 

CM 

CM 

o 

CD 

o 

CM 

o 

o> 

CM 

o 

CNJ 

'Cf 

CO 

CO 

CM 

h- 

CD 

cq 

O) 

a> 

io‘ 

oo' 

s 

to' 

r^‘ 

cm' 

o' 

CD 

o' 

cm' 

CO 

oci 

V 

to 

a> 

o 

CM 

o 

CD 

CO 

to 

O) 

CO 

CO 

CD 

CO 

CM 

CD 

to 

o> 

■*- 

CD 

a> 

CM 

o 

to 

h- 

CO 

to 

a 

CO 

O) 

to 

CO 

00 

o 

O) 

CD 

00 

CO 

CM 

1^ 

CD 

00 

CD 

to 

CO 

o 

CD 

O) 

rs. 

CO 

CD 

CM 

Oi 

cq 

CD 

0) 

s 

o' 

V 

oo' 

o' 

h-' 

s 

o' 

CD 

IS." 

CO 

co' 

o 

to 

CM 

o 

to 

h- 

CO 

CD 

CM 

CO 

T“ 

CD 

»— 

CO 

CM 

to 

D- 

o 

O) 

00 

to 

o 

CM 

CM 

CO 

g 

00 

s 

h- 

00 

CO 

CNJ 

00 

to 

CM 

to 

00 

Oi 

h- 

CD 

to 

CO 

r^ 

o 

00 

o 

CD 

O) 

o 

CD 

CM 

0) 

00 

a> 

CD 

CM 

Oi 

CD 

g 

to' 

co' 

to' 

o' 

rC 

r^' 

CD* 

to 

co' 

s 

CO 

h- 

to 

o 

to 

CO 

to 

00 

CM 

CO 

▼— 

•r* 

CO 

T- 

CM 

CM 

to 

r-. 

O) 

CO 

CM 

o 

h- 

o 

CO 

CO 

CM 

CD 

? 

CD 

CM 

00 

g 

CM 

o 

CM 

CM 

s 

CM 

CD 

hv 

CD_ 

h- 

00 

to 

to 

Oi 

CM 

to 

CM 

Oi 

o 

CO 

to' 

o' 

CO 

co' 

cd' 

o 

r^' 

K 

o' 

r-' 

CO 

g 

cm' 

o 

to 

o 

to 

CO 

to 

o 

CO 

CO 

CM 

CO 

s 

o 

o 

00 

T“ 

to 

h. 

to 

a 

CM 

2 

to 

CD 

00 

o 

CD 

o 

N 

r^ 

to 

CD 

o 

00 

CO 

rt 

o. 

CO 

CM 

CD 

<Ji 

O) 

to' 

O) 

cm' 

s 

CD* 

fsT 

o> 

V 

V 

CO 

s 

cm' 

T“ 

CD 

o 

o 

r^ 

CO 

to 

00 

CO 

CO 

■*” 

CM 

■*“ 

CO 

o 

o 

CM 

o 

00 

o 

to 

s 

to 

o 

lO 

CM 

CM 

CD 

to 

o 

s 

00 

o 

o 

5 

CO 

CD 

00 

to 

CO 

CD 

T“ 

CM 

o> 

o 

CO 

00 

00 

a> 

o> 

r^' 

CO 

oo' 

o 

V 

f^' 

to' 

y^ 

00 

cm' 

CO 

y^ 

to 

o 

a^ 

CO 

to 

CO 

y— 

CO 

to 

CO 

■*“ 

»- 

CM 

e- 

to 

s 

O) 

CM 

o 

CO 

CO 

o 

O) 

O) 

e“ 

o> 

00 

to 

CD 

CM 

00 

o 

a 

o 

00 

CO 

Oi 

is. 

CO 

CO 

r>.^ 

CM 

O) 

00 

o> 

CD 

o 

IS. 

CO 

CD 

o 

co' 

co' 

o' 

cm' 

cm' 

o' 

oo' 

cm' 

tvT 

cm' 

cm' 

CM 

o’ 

▼“ 

to 

o 

o 

CO 

to 

00 

o 

CO 

to 

CO 

■*“ 

CM 

to 

CO 

CD 

to 

CD 

1 

T- 

o 

(D 

CM 

CM 

CO 

o 

g 

00 

to 

h- 

CM 

CM 

CD 

to 

CM 

Oi 

00 

CO 

Oi 

T- 

CO 

00 

o 

CO 

o> 

CO 

00 

CD 

a 

00 

CO 

o' 

cm' 

o' 

o 

o 

yS 

cd' 

cm' 

CM 

Oi 

o 

o 

CM 

CD 

00 

c 

o 

CO 

to 

c» 

$ 

CO 

T“ 

s 

CM 

1 

f- 

E 

to 

O) 

o 

00 

00 

E 

CM 

CD 

to 

co 

to 

2 

C\J 

00 

s 

CD 

00 

CD 

00 

CD 

s 

3 

CD 

o 

o 

o 

to 

to 

CM 

00 

o 

D-. 

CD 

cn 

o 

00 

o 

Oi 

CD 

Ibi 

e 

00 

to 

o 

fs. 

O) 

e 

0) 

cd' 

cd' 

s 

e 

to 

o' 

CD* 

co' 

to 

p 

co' 

o 

2 

00 

4) 

CO 

o 

CO 

o 

CO 

N 

CM 

CD 

o 

CO 

CO 

r" 

CM 

p 

3 

«s 

75 

O 

H 

to 

o 

o> 

3 

CO 

g 

75 

s 

CM 

00 

CD 

o 

E 

,9 

CD 

s 

o 

to 

g 

oo 

o 

CO 

00 

00 

CO 

o 

\L 

"T- 

CD 

IS. 

fS; 

o> 

co' 

o' 

cm' 

o 

O) 

cm' 

o' 

CO 

CD 

cm' 

o 

O) 

CO 

CO 

fs." 

CO 

o 

CO 

CM 

CO 

CM 

CD 

o 

CM 

to 

CO 

CM 

CO 

CD 

00 

to 

N. 

CD 

O) 

to 

CD 

O) 

CM 

to 

o 

Q 

00 

CO 

CM 

to 

CD 

00 

to 

CM 

CD 

|s- 

o 

00 

CD 

CM 

o 

o 

o 

to 

o 

o 

a> 

CD 

00 

cm' 

cm' 

cm’ 

yS 

o' 

CO 

O) 

IS." 

CM 

CD* 

CM 

o 

CM 

CM 

CO 

rs. 

CM 

CD 

O) 

CM 

to 

CO 

CM 

CD 

00 

o 

00 

to 

CD 

CM 

CM 

00 

CO 

CM 

00 

to 

a> 

CO 

CO 

o 

0) 

00 

CM 

0) 

to 

00 

00 

ri. 

5 

o 

00 

" 

o 

CO 

O) 

to 

o> 

CO 

CM 

CO 

o> 

O 

cd' 

o 

o' 

co’ 

o' 

to' 

<d' 

fsT 

CO 

o> 

to 

CM 

o 

CM 

CM 

CO 

CM 

CD 

00 

CM 

CO 

■*” 

CM 

CD 

CM 

00 

00 

g 

CD 

CO 

o 

CD 

CM 

CO 

CM 

CM 

00 

CM 

o 

CD 

N. 

CD 

o 

s 

CD 

00 

to 

to 

CD 

s 

o 

fv 

CO 

O) 

00 

00 

o 

CO 

|S. 

00 

CD 

o> 

oo' 

o' 

to' 

§ 

cd' 

CO 

O) 

o> 

s 

'v-T 

cd' 

lO 

5 

o 

o 

CM 

CM 

CO 

00 

CM 

CO 

CM 

CD 

CD 

CM 

CD 

o 

CO 

CD 

to 

CO 

s 

o 

to 

to 

h- 

a> 

00 

CM 

O) 

CM 

r^ 

O) 

CO 

Is. 

o 

rs. 

o 

■*— 

to 

h- 

o 

CM 

CM 

o 

o 

CM 

CD 

CO 

05 

cm' 

to' 

CD 

oo' 

'Cf 

CD 

CD' 

CO 

to' 

IS." 

to 

to 

CO 

CO 

o 

CM 

CD 

CO 

r*. 

CD 

fs. 

CM 

CO 

▼“ 

CM 

(0 

p 

p 

CO 

o 

p 

p 

p 

o 

p 

CJ 

o 

0) 

c 

p 

c 

p 

c 

o 

o 

p 

o 

p 

o> 

o 

u 

(D 

O) 

p 

o 

p 

CD 

p 

G 

p 

c 

o 

c 

G 

c 

*0 

'h. 

</) 

m 

p 

B 

p 

B 

<J} 

Q> 

(/> 

B 

t.. 

o 

4) 

</> 

p 

q 

p 

p 

p 

w 

p 

o 

c 

O) 

<» 

c 

3 

a 

■> 

(0 

c 

o> 

p 

u 

c 

3 

a. 

c 

O) 

8 

c 

3 

a 

*> 

p 

c 

0) 

Q> 

o 

E 

p 

1 

Ui 

c 

c 

p 

p 

u 

E 

o 

1 

o> 

c 

c 

p 

p 

G 

E 

Q 

1 

o> 

c 

00 

(D 

o 

oO 

00 

o 

oO 

CO 

o 

oO 

p 

«0 

p 

o 

00 

'C 

p 

o 

« 

o 

p 

2 

oO 

p 

p 

B 

p 

V 

1 

o 

c 

o 

u 

w 

w 

3 

« 

z 

JO  .2 

15  8 
S  (» 

c 

O) 

c 

UJ 

o 

c 

p 

3 

B 

z 

B 

B 

8 

CO 

c 

O) 

c 

UJ 

o 

c 

p 

s 

w 

3 

B 

z 

£ 

p 

s 

B 

g 

(0 

c 

o> 

c 

UJ 

o 

o 


e> 


I 


CO 

z 


CO 


(Q 

I 

E 


f 


UJ 


Uj 

■o 

c 

10 

9> 


.o 

E 

■8 

is 


Science  S  Engineering  indicators  -  1993 


*  279 


Appendix  table  2-24. 

Graduate  enrollment  In  science  and  engineering,  by  race/ethnicity/citizenahip  and  field:  1983-91 


Field 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Total  enrollment 

Total  science  and  engineering  .... 

348,315 

350,755 

359,554 

369,047 

373,762 

376,821 

384,691 

395,298 

415,240 

Natural  sciences . 

103,213 

103,784 

104,347 

105,803 

105,485 

106,085 

107,851 

108,486 

113,242 

Math  and  computer  sciences  .... 

40,996 

43,269 

47,424 

49,364 

50,661 

51,657 

51,936 

54,155 

54,720 

Social  and  behavioral  sciences . . . 

112,995 

110,922 

111,623 

111,740 

113,727 

115,920 

120,585 

125,328 

132,871 

Engineering . 

91,111 

92,780 

96,160 

102,140 

103,889 

103,159 

104,319 

107,329 

114,407 

White  enrollment 

Total  science  and  engineering  .... 

225,313 

223,420 

224,177 

227,998 

229,011 

229,950 

231,001 

237,686 

245,172 

Natural  sciences . 

74,538 

74,244 

72,170 

71,885 

69,496 

69,169 

68,545 

68,341 

69,989 

Math  and  computer  sciences  .... 

23,762 

23,942 

25,367 

26,015 

26,799 

27,653 

26,634 

27,864 

27,119 

Social  and  behavioral  sciences .  .  . 

78,318 

75,809 

76,249 

77,017 

79,000 

80,621 

84,244 

88,357 

93,044 

Engineering . 

48,695 

49,425 

50,391 

53,081 

53,716 

52,507 

51,578 

53,124 

55,020 

Asian  enrotiment 


Total  science  and  engineering  .... 

9,368 

10,185 

12,024 

12,788 

14,590 

15,182 

ig9 

Natural  sciences . 

2,389 

2,535 

2,727 

2,771 

3,061 

3,450 

Math  and  computer  sciences  .... 

1,663 

1,816 

2,475 

2,767 

3,232 

3,446 

3,704 

Social  and  behavioral  sciences . . . 

1,911 

2,019 

2,010 

2,127 

2,441 

2,370 

3,005 

Engineering . 

3,405 

3,815 

4,812 

5,123 

5,856 

5,916 

7,203 

Black  enrollment 


Total  science  and  engineering  .... 

10,980 

10,724 

10,534 

10,471 

10,443 

11,216 

11,800 

12,635 

13,696 

Natural  sciences . 

1,983 

2,004 

1,993 

1,839 

1,821 

1,980 

2,097 

2,137 

2,311 

Math  and  computer  sciences  .... 

967 

954 

1,017 

1,135 

1,191 

1,247 

1,299 

1,472 

1,605 

Social  and  behavioral  sciences. . . 

6,637 

6,306 

6,115 

6,024 

6,009 

6,469 

6,765 

7,228 

7,746 

Engineering . 

1,393 

1,460 

1,409 

1,473 

1,422 

1,520 

1,639 

1,798 

2,034 

Hispanic  enrollment 


Total  science  and  engineering  .... 

8,901 

8,692 

8,623 

8,659 

8,812 

9,093 

9,464 

10,132 

11,168 

Natural  sciences . 

1,922 

1,895 

2,097 

2,123 

2,075 

2,230 

2,394 

2,360 

2,576 

Math  and  computer  sciences  .... 

612 

584 

743 

715 

810 

845 

851 

920 

978 

Social  and  behavioral  sciences. . . 

4,926 

4,713 

4,303 

4,218 

4,199 

4,301 

4,508 

4,960 

5,435 

Engineering . 

1,441 

1,500 

1,480 

1,603 

1,728 

1,717 

1,711 

1,892 

2,179 

Native  American  enrollment 


Total  science  and  engineering  .... 

915 

831 

740 

746 

786 

926 

864 

1,048 

1,201 

Natural  sciences . 

224 

207 

169 

198 

183 

220 

180 

251 

329 

Math  and  computer  sciences  .... 

53 

70 

78 

51 

75 

72 

75 

63 

62 

Social  and  behavioral  sciences. . . 

457 

362 

371 

366 

404 

490 

485 

583 

621 

Engineenng . 

181 

192 

122 

131 

124 

144 

124 

151 

189 

Foreign  citizen  enrollment 


Total  science  and  engineenng  .... 

70,381 

72,297 

76,853 

84,035 

88,806 

93,849 

98,272 

101,835 

108,408 

Natural  sciences . 

18,286 

18,853 

20,360 

22,729 

24,487 

26,220 

28,166 

29,478 

31,342 

Math  and  computer  sciences  .... 

10,502 

11,552 

12,803 

13,816 

14,857 

15,422 

16,337 

17,356 

18,021 

Social  and  behavioral  sciences.  .  . 

14,105 

14,006 

14,836 

15,479 

16,082 

16,878 

16,959 

17,034 

17,726 

Engineering . 

27,488 

27,886 

28,854 

32,01 1 

33,380 

35,329 

36,810 

37,967 

41,319 

NOTE:  The  natural  sciences  Include  all  physical,  environmental,  biological,  and  agricultural  sciences.  The  social  and  behavioral  sciences  Include  psychology, 
sociology,  and  other  social  sciences. 


SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Academic  Science  and  Engineering,  Graduate  Enrollment  and  Support,  Fall  1991, 
Detailed  Statistical  Tables.  NSF  93-309  (Washington.  DC:  NSF.  1993). 

See  figures  2-15  and  2-16. 
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Appendix  A.  Appendix  Tables 


Appendix  table  2-26. 

Earned  masters  degrees,  by  race/ethnicity/citizenship  and  field:  1977-91 

(page  1  ot  2) 


Race/ethnIcIty  and  field 

1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

Total,  all  degrees . 

.  318,241 

302,075 

296.798 

287,213 

290,532 

31 1 ,050 

324,947 

338.498 

Science  and  engineering . 

.  83,475 

79,785 

79,869 

80,630 

83,515 

87.783 

89.826 

91,126 

Natural  sciences' . 

.  16,234 

16,350 

15,332 

14.045 

13,461 

13,260 

12,966 

12,713 

Math  and  computer  sciences . 

.  6,496 

6,101 

6,787 

9,989 

1 1 ,808 

12,829 

13,327 

12.956 

Social  &  behavioral  sciences^ . 

.  44,494 

41,824 

41 ,034 

35,661 

36,189 

37,959 

39.548 

41 ,450 

Engineering . 

.  16,251 

15,510 

16,716 

20,935 

22,057 

23,735 

23,985 

24,007 

Engineering  technology . 

.  NA 

NA 

NA 

816 

883 

1.135 

1.194 

1.188 

U.S.  citizens  and  permanent  residents 

White,  all  degrees . 

.  266,109 

249,401 

241.255 

223,649 

216,807 

230,322 

236,874 

247,524 

Science  and  engineering . 

.  66.661 

62,158 

60,407 

56.101 

55,790 

56,864 

57,606 

58,435 

Natural  sciences' . 

.  13.405 

13,282 

12,411 

10,559 

9,623 

9,262 

8,722 

8,300 

Math  and  computer  sciences . 

.  5,256 

4,625 

4,708 

6,176 

6,729 

6.818 

7.020 

6,705 

Social  &  behavioral  sciences^ . 

.  36,556 

34,169 

33,141 

27,180 

26,601 

27,952 

29,005 

30.795 

Engineering . 

.  11 ,444 

10,082 

10.147 

12,186 

12,837 

12,832 

12,859 

12,635 

Engineering  technology . 

.  NA 

NA 

NA 

526 

581 

802 

823 

830 

Asian,  all  degrees . 

.  5,145 

5,519 

6,304 

7,805 

8.129 

10,174 

9,994 

1 1 ,070 

Science  and  engineering . 

.  2,021 

2,232 

2,481 

3,543 

3.745 

4,482 

4,393 

4,676 

Natural  sciences' . 

.  388 

469 

365 

450 

464 

545 

504 

532 

Math  and  computer  sciences . 

.  198 

253 

376 

779 

962 

1,072 

1.125 

1,203 

Social  &  behavioral  sciences^ . 

.  698 

660 

661 

763 

669 

873 

901 

933 

Engineering . 

.  737 

850 

1,079 

1,551 

1,650 

1,992 

1,863 

2,008 

Engineering  technology . 

.  NA 

NA 

NA 

25 

46 

40 

79 

60 

Black,  all  degrees . 

.  21,041 

19,422 

17.152 

13,960 

13.173 

13,455 

14.473 

15.857 

Science  and  engineering . 

.  4,197 

4,042 

3.695 

3,152 

3,223 

3,151 

3.559 

3.825 

Natural  sciences' . 

.  351 

382 

351 

290 

301 

238 

225 

261 

Math  and  computer  sciences . 

.  200 

136 

137 

233 

280 

257 

302 

383 

Social  &  behavioral  sciences^ . 

.  3,406 

3,278 

2,947 

2,299 

2.239 

2,301 

2.645 

2,783 

Engineering . 

.  240 

246 

260 

330 

403 

355 

387 

398 

Engineering  technology . 

.  NA 

NA 

NA 

37 

42 

55 

44 

47 

Hispanic,  all  degrees . 

.  7,071 

6,470 

7,439 

7,730 

7.'781 

8,133 

8,495 

9,684 

Science  and  engineering . 

.  2,078 

1,702 

2,052 

2,231 

2,291 

2,339 

2,321 

2.575 

Natural  sciences' . 

.  245 

227 

251 

332 

310 

266 

262 

281 

Math  and  computer  sciences . 

.  91 

61 

102 

149 

183 

178 

169 

213 

Social  &  behavioral  sciences^ . 

.  1 ,491 

1,199 

1,414 

1,404 

1.286 

1,427 

1,444 

1,613 

Engineering . 

.  251 

215 

285 

346 

512 

468 

446 

468 

Engineering  technology . 

.  NA 

NA 

NA 

6 

17 

10 

9 

19 

Native  American,  all  degrees . 

.  968 

999 

1,034 

1.257 

1,049 

1,082 

1,050 

1,125 

Science  and  engineering . 

.  225 

246 

257 

313 

270 

302 

258 

294 

Natural  sciences’ . 

.  48 

50 

33 

45 

23 

41 

31 

34 

Math  and  computer  sciences . 

.  15 

24 

19 

48 

25 

46 

13 

23 

Social  &  behavioral  sciences^ . 

.  139 

148 

174 

173 

184 

183 

179 

197 

Engineering . 

.  23 

24 

31 

47 

38 

33 

35 

40 

Engineering  technology . 

.  NA 

NA 

NA 

2 

26 

2 

5 

3 

(continued) 
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Race/ethnicity  and  field 

1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

Total’ 

Total,  all  degrees . 

.  31,716 

31,239 

31,357 

31 ,297 

32,363 

34,318 

36,057 

37,451 

Science  and  engineering . 

.  8,016 

17,872 

18,258 

18,935 

19,890 

21,727 

22,857 

23,979 

Natural  sciences^ . 

.  6,622 

7,817 

7,996 

8,437 

8,655 

9,185 

9,766 

10,152 

Math  and  computer  sciences . 

.  1,618 

979 

960 

998 

1,190 

1,471 

1,597 

1,837 

Social  and  behavioral  sciences’ . 

.  7,135 

6,463 

6,659 

6,223 

6,227 

6,425 

6,507 

6,653 

Engineering . 

.  2,633 

2,494 

2,528 

3,166 

3,712 

4,544 

4,893 

5,212 

Total  U.S.  citizens  and  permanent  residents 

Total,  all  degrees . 

.  27,487 

26,784 

26,342 

24,694 

24,561 

25,026 

26,581 

26,535 

Science  and  engineering . 

.  14,889 

14,711 

14,655 

14,065 

14,055 

14,592 

15,346 

15,360 

Natural  sciences’ . 

.  6,427 

6,604 

6,641 

6,634 

6,450 

6,628 

6,942 

6,898 

Math  and  computer  sciences . 

.  769 

778 

713 

631 

671 

824 

825 

935 

Social  and  behavioral  sciences’ . 

.  5886 

5712 

5830 

5206 

5021 

4911 

5239 

5169 

Engineering . 

.  1 ,799 

1,617 

1,471 

1,594 

1,913 

2,229 

2,340 

2,358 

White,  all  degrees . 

.  23,654 

22,396 

22,470 

21 ,297 

21,116 

21,569 

22,862 

22,604 

Science  and  engineering . 

.  12,875 

12,314 

12,573 

12,166 

12,051 

12,501 

13,156 

12,983 

Natural  sciences’ . 

.  5,598 

5,620 

5,771 

5,902 

5,662 

5,800 

6,078 

5,993 

Math  and  computer  sciences . 

.  671 

658 

610 

527 

548 

688 

711 

758 

Social  and  behavioral  sciences’ . 

.  5,177 

4,879 

5,099 

4,549 

4,383 

4,287 

4,531 

4,444 

Engineering . 

.  1 ,429 

1,157 

1,093 

1,188 

1,458 

1,726 

1,836 

1,788 

Asian,  all  degrees . 

.  910 

1,102 

1,073 

1,069 

1,167 

1,261 

1,302 

1,491 

Science  and  engineering . 

.  745 

884 

827 

809 

924 

981 

1,006 

1,157 

Natural  sciences’ . 

.  342 

377 

344 

346 

369 

400 

411 

462 

Math  and  computer  sciences . 

.  42 

55 

56 

50 

67 

76 

75 

122 

Social  and  behavioral  sciences’ . 

.  112 

146 

142 

132 

161 

145 

163 

172 

Engineering . 

.  249 

306 

285 

281 

327 

360 

357 

401 

Black,  all  degrees . 

.  1,194 

1,114 

1,110 

1,043 

907 

962 

1,046 

1,082 

Science  and  engineering . 

.  344 

347 

346 

374 

319 

366 

371 

431 

Natural  sciences’ . 

.  85 

84 

89 

100 

95 

105 

98 

108 

Math  and  computer  sciences . 

.  10 

12 

11 

10 

13 

9 

5 

19 

Social  and  behavioral  sciences’ . 

.  234 

231 

227 

230 

186 

219 

228 

249 

Engineering . 

.  15 

20 

19 

34 

25 

33 

40 

55 

Hispanic,  all  degrees . 

.  474 

539 

526 

634 

709 

694 

835 

843 

Science  and  engineering . 

.  194 

231 

239 

296 

357 

384 

465 

478 

Natural  sciences’ . 

.  74 

83 

92 

107 

138 

158 

196 

187 

Math  and  computer  sciences . 

.  10 

12 

5 

18 

15 

15 

15 

20 

Social  and  behavioral  sciences’ . 

.  88 

112 

126 

149 

170 

163 

200 

212 

Engineering . 

.  22 

24 

16 

22 

34 

48 

54 

59 

Native  American,  all  degrees . 

.  66 

81 

85 

96 

115 

94 

96 

130 

Science  and  engineering . 

.  31 

29 

28 

41 

53 

53 

42 

56 

Natural  sciences’ . 

.  14 

6 

8 

21 

20 

25 

12 

27 

Math  and  computer  sciences . 

.  1 

1 

1 

0 

3 

2 

1 

1 

Social  and  behavioral  sciences’ . 

.  15 

19 

15 

19 

23 

19 

25 

22 

Engineering . 

.  1 

3 

4 

1 

7 

7 

4 

6 

(continued) 
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Appendix  table  2-28. 

Earned  doctoral  degrees  by  race/ethnicity,  field,  and  citizenship:  1977-91 

{page  2  of  2) 


Race/ethnicity  and  field 

1977 

1979 

1981 

1985 

1987 

1989 

1990 

1991 

Foreign  citizen 

Total,  all  degrees . 

3,448 

3,587 

3.940 

5,228 

5,610 

6,647 

8,074 

8,852 

Science  and  engineering . 

2,675 

2,669 

2.983 

4,048 

4,468 

5,392 

6,555 

7,281 

Natural  sciences^ . 

1 ,079 

1,046 

1.140 

1,518 

1,704 

1,975 

2,531 

2,843 

Math  and  computer  sciences . 

170 

181 

226 

327 

445 

524 

695 

818 

Social  and  behavioral  sciences^ . 

651 

645 

675 

784 

787 

952 

1,056 

1,147 

Engineering . 

775 

817 

942 

1,419 

1,532 

1,941 

2,273 

2,473 

Unknown  citizenship 

Total,  all  degrees . 

781 

868 

1.075 

1,375 

2,192 

2,645 

1,402 

2,064 

Science  and  engineering . 

452 

472 

620 

822 

1,367 

1,743 

956 

1,338 

Natural  sciences^ . 

170 

167 

215 

285 

501 

582 

293 

411 

Math  and  computer  sciences . 

25 

20 

21 

40 

74 

123 

77 

84 

Social  and  behavioral  sciences^ . 

183 

225 

269 

344 

525 

664 

306 

462 

Engineering . 

74 

60 

115 

153 

267 

374 

280 

381 

NOTES;  Data  by  racial/ethnic  group  were  collected  on  a  biennial  schedule  until  1990.  Data  are  not  available  by  racial/ethnic  group  for  foreign  citizens  on  temporary 
visas  Data  by  racial/ethnic  group  are  collected  by  broad  fields  of  study  only:  therefore,  these  data  cannot  be  adjusted  to  the  exact  field  taxonomies  used  by  the 
National  Science  Foundation 

'Includes  all  doctorates  awarded  to  U  S.  citizens  and  permanent  residents,  temporary  residents,  and  persons  whose  citizenship  is  unknown. 

The  natural  sciences  include  all  physical,  environmental,  biological,  and  agricultural  sciences. 

The  social  and  behavioral  sciences  include  psychology,  sociology,  and  other  social  sciences. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation,  Science  and  Engineering  Doctorates:  1960-91.  Detailed  Statistical  Tables,  NSF  93-301 
(Washington,  DC:  NSF,  1993), 

See  figure  2-16, 
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NOTES:  Those  doctoral  recipients  who  plan  to  stay  think  that  they  will  locate  in  the  United  States:  those  with  firm  plans  have  a  postdoctoral  research  appointment  or  academic,  industrial,  or  other  firm  employment  in  the  United 
States. 

'Before  1987,  there  were  almost  no  Chinese  doctoral  recipients  in  the  United  States:  therefore,  data  listed  here  are  for  1987  rather  than  for  1980. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Survey  of  Earned  Doctorates,  unpublished  tabulations. 
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Appendix  table  2-30. 

Postdoctoral  appointments  In  science  and  engineering  awarded  to  non<U.S.  citizens,  by  field:  1981  and  1991 

— —  _ 

Appointments  to  non-U.S.  citizens  Appointments  to  non-U. S.  citizens 


Field  Total  Number  Percent  Total  Number  Percent 


Total,  all  fields .  18.411  6,506  35.3  30,432  14,678  48.2 

Science  and  engineering  ...  .  14,013  5,409  38.6  22,397  11,307  50.5 

Natural  sciences .  11,917  4.453  37.4  19.153  9,492  49.6 

Math  and  computer  sciences  205  105  51.2  324  185  57.1 

Social  sciences .  913  175  19.2  967  286  29.6 

Engineering .  978  676  69.1  1,953  1,344  68.8 

Health .  4,398  1,097  24.9  8,035  3,371  42.0 


SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Foreign  Participation  in  U  S.  Academic  ScierKe  and  Engineering:  1991,  NSF  93-302 
(Washington.  DC:  NSF.  1993). 

Science  S  Engineering  Indicators  - 1993 


Appendix  table  2-31 . 

Financial  aid  awarded  to  students  in  higher  education:  1982/83-1991/92 


Appendix  table  2-32. 

Financial  support  to  full-time  science  and  engineering  graduate  students,  by  source  and  mechanism:  1983-91 
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Appendix  table  3-i . 

Total  and  scientistengineer  employment,  by  industry:  1980, 1983, 1986, 1989,  and  1992 

(page  1  of  6) 


Number  of  jobs 

Industry 

1980 

1983 

1986 

1989 

1992 

— 

— 

- Thousands  - 

-  -  - 

Total  industry 

All  occupations . 

.  66,210 

65,457 

73,044 

79,111 

77,622 

All  scientists  and  engineers . 

.  1,366 

1,476 

1,642 

1,885 

1,972 

Engineers . 

.  992 

1,050 

1,144 

1,290 

1,305 

Aeronautical/astronautical . 

.  27 

33 

58 

65 

52 

Chemical . 

.  45 

47 

42 

42 

43 

Civil . 

.  79 

104 

94 

90 

94 

Electrical/electronic . 

.  273 

319 

378 

459 

470 

Industrial . 

.  133 

103 

119 

119 

109 

Mechanical . 

.  198 

198 

196 

206 

208 

Other' . 

.  237 

247 

257 

308 

329 

Scientists . 

.  374 

425 

497 

595 

667 

Life . 

.  19 

26 

30 

46 

59 

Mathematical . 

.  45 

59 

67 

66 

71 

Physical . 

.  108 

110 

113 

122 

138 

Social . 

.  26 

29 

24 

31 

43 

Computer  specialists . 

.  175 

201 

264 

330 

355 

Technicians . 

.  1.163 

1,308 

1,426 

1,506 

1,474 

Manufacturing 

All  occupations . 

.  20,285 

18,432 

18,947 

19,391 

18,040 

All  scientists  and  engineers . 

.  747 

814 

926 

1,001 

973 

Engineers . 

.  605 

670 

752 

804 

767 

Aeronautical/astronautical . 

.  23 

29 

52 

49 

36 

Metallurgical,  ceramic,  materials . 

.  9 

13 

14 

14 

11 

Chemical . 

.  33 

36 

34 

31 

34 

Civil . 

.  7 

9 

8 

6 

7 

Electricai/electronic . 

.  159 

206 

234 

256 

246 

Industrial . 

.  123 

89 

104 

104 

91 

Safety . 

.  3 

8 

6 

7 

7 

Mechanical . 

.  126 

134 

135 

142 

138 

Marine . 

.  0 

1 

1 

1 

0 

Sales . 

.  0 

26 

39 

38 

35 

Other' . 

.  122 

120 

126 

156 

162 

Scientists . 

.  142 

144 

174 

197 

206 

Life . 

.  16 

15 

18 

23 

29 

Biological . 

.  8 

8 

9 

11 

17 

Other  life  scientists . 

.  9 

7 

9 

12 

9 

Mathematical . 

.  13 

12 

14 

12 

9 

Physical . 

.  60 

57 

57 

59 

61 

Physicists  and  astronomers . 

.  2 

1 

1 

1 

1 

Chemists . 

.  56 

42 

45 

48 

45 

Other  physical  scientists . 

.  2 

15 

11 

11 

10 

Social . 

.  1 

1 

0 

0 

0 

Computer  specialists . 

.  52 

59 

85 

103 

106 

Technicians . 

.  531 

542 

579 

586 

525 

Civil  engineering . 

.  1 

2 

2 

3 

2 

Electrical/electronics  engineering . 

.  131 

126 

154 

150 

127 

Industrial  engineering . 

.  17 

21 

23 

23 

23 

Mechanical  engineering . 

.  32 

36 

42 

40 

38 

Drafters . 

.  119 

119 

110 

109 

101 

Other  engineering  technicians . 

.  80 

69 

72 

77 

75 

Biological,  agricultural,  and  food . 

.  11 

8 

10 

10 

12 

Chemical . 

.  0 

64 

65 

66 

63 

Petroleum . 

.  0 

1 

1 

1 

1 

Other  lif'  ence  technicians . 

.  59 

14 

15 

16 

12 

Computei  fjrogrammers . 

.  81 

81 

87 

92 

71 
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Appendix  table  3-1 . 

Total  and  scientist/engineer  employment,  by  Industry:  1980, 1983, 1986, 1989,  and  1992 

(page  2  of  6) 


Industry 

1980 

1983 

Number  of  jobs 

1986 

1989 

1992 

Chemical  &  allied  products,  all  occupations . 

.  1,107 

1,043 

- Thousands  - 

1,021 

1,074 

1,083 

All  scientists  and  engineers . 

.  93 

96 

96 

116 

122 

Engineers . 

.  41 

45 

43 

47 

50 

Metallurgical,  ceramic,  materials . 

.  0 

0 

1 

1 

0 

Chemical . 

.  19 

18 

18 

18 

19 

Civil . 

.  1 

2 

1 

2 

1 

Electrical/electronic . 

.  3 

4 

3 

6 

6 

Industrial . 

.  4 

3 

3 

4 

4 

Safety . 

.  2 

2 

2 

2 

2 

Mechanical . 

.  9 

8 

7 

8 

8 

Sales . 

.  0 

4 

2 

3 

2 

Other’ . 

.  4 

5 

5 

5 

8 

Scientists . 

.  52 

51 

53 

69 

72 

Life . 

.  10 

11 

13 

18 

24 

Mathematical . 

.  3 

2 

1 

1 

1 

Physical . 

.  33 

32 

33 

37 

36 

Computer  specialists . 

.  6 

6 

7 

14 

12 

Technicians . 

.  52 

61 

62 

66 

68 

Petroleum  refining,  ail  occupations . 

.  198 

196 

169 

156 

159 

All  scientists  and  engineers . 

.  12 

16 

14 

13 

14 

Engineers . 

.  9 

11 

10 

9 

11 

Petroleum . 

.  0 

0 

0 

1 

1 

Chemical . 

.  4 

5 

4 

3 

4 

Civil . 

.  0 

1 

0 

1 

1 

Electrical/electronic . 

.  0 

1 

1 

1 

1 

Industrial . 

.  0 

1 

1 

1 

0 

Safety . 

.  0 

0 

0 

0 

1 

Mechanical . 

.  2 

2 

2 

1 

2 

Other’ . 

.  2 

1 

1 

2 

2 

Scientists . 

.  3 

5 

5 

4 

4 

Physical . 

.  2 

3 

3 

3 

3 

Computer  specialists . 

.  1 

2 

1 

2 

1 

Technicians . 

.  5 

10 

10 

8 

8 

Machinery,  all  occupations . 

.  2,517 

2,053 

2,074 

2,125 

1,922 

All  scientists  and  engineers . 

.  139 

147 

161 

183 

163 

Engineers . 

.  125 

130 

140 

164 

148 

Metallurgical,  ceramic,  materials . 

.  1 

1 

2 

2 

1 

Chemical . 

.  1 

1 

1 

1 

1 

Civil . 

.  1 

1 

1 

1 

1 

Electrical/electronic . 

.  34 

43 

50 

64 

66 

Industrial . 

.  32 

21 

17 

14 

13 

Mechanical . 

.  37 

38 

33 

40 

37 

Sales . 

.  0 

8 

15 

13 

14 

Other’ . 

.  18 

17 

21 

29 

15 

Scientists . 

.  14 

17 

21 

20 

16 

Mathematical . 

.  2 

3 

2 

2 

1 

Physical . 

.  1 

2 

1 

0 

0 

Computer  specialists . 

.  11 

12 

19 

18 

14 

Technicians . 

.  129 

111 

116 

11B 

97 

(continued) 
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Appendix  table  3-1 . 


Total  and  scientist/engineer  employment,  by  industry:  1980, 1983, 1986, 1989,  and  1992 

(page  3  of  6) 

Industry 

1980 

Number  of  jobs 

1983  1986 

1989 

1992 

Electrical  equipment,  all  occupations . 

1.771 

1,704 

Thousands 

1.790 

1,744 

1,526 

All  scientists  and  engineers . 

170 

188 

239 

161 

150 

Engineers . 

153 

173 

215 

148 

137 

Metallurgical,  ceramic,  materials . 

1 

2 

2 

2 

1 

Chemical . 

2 

3 

3 

2 

2 

Civil . 

0 

1 

2 

2 

0 

Electrical/electronic . 

83 

106 

120 

80 

75 

Industrial . 

28 

19 

28 

15 

15 

Safety . 

0 

1 

1 

1 

1 

Mechanical . 

19 

19 

23 

18 

16 

Sales . 

0 

6 

9 

8 

8 

Other' . 

21 

17 

26 

19 

18 

Scientists . 

17 

15 

24 

13 

14 

Mathematical . 

2 

1 

2 

1 

1 

Physical . 

3 

3 

3 

2 

2 

Computer  specialists . 

10 

10 

19 

10 

11 

Technicians . 

123 

127 

148 

108 

96 

Transportation  equipment,  aii  occupations . 

1,881 

1,730 

2,003 

2,052 

1.822 

All  scientists  and  engineers . 

146 

176 

223 

238 

229 

Engineers . 

132 

159 

196 

209 

202 

Aeronautical/astronautical . 

23 

29 

52 

49 

36 

Metallurgical,  ceramic,  materials . 

1 

3 

3 

3 

2 

Chemical . 

1 

1 

2 

1 

1 

Civil . 

1 

3 

2 

2 

2 

Electrical/electronic . 

14 

21 

29 

29 

23 

Industrial . 

22 

19 

27 

33 

24 

Safety . 

0 

2 

2 

2 

2 

Mechanical . 

20 

24 

29 

26 

28 

Marine . 

0 

1 

1 

1 

0 

Sales . 

0 

2 

2 

2 

2 

Other' . 

50 

54 

48 

59 

80 

Scientists . 

14 

17 

28 

29 

27 

Mathematical . 

5 

5 

8 

7 

5 

Physical . 

3 

2 

3 

0 

0 

Social . 

1 

1 

0 

0 

0 

Computer  specialists . 

6 

10 

16 

21 

22 

Technicians . 

62 

75 

87 

85 

72 

Scientific  instruments,  all  occupations . 

1,022 

990 

1,018 

1,026 

925 

All  scientists  and  engineers . 

46 

57 

60 

137 

131 

Engineers . 

40 

50 

52 

118 

116 

Chemical . 

1 

1 

1 

2 

2 

Electrical/electronic . 

19 

25 

25 

67 

65 

Industrial . 

6 

5 

6 

14 

13 

Mechanical . 

6 

7 

9 

15 

16 

Sales . 

0 

3 

3 

4 

3 

Other' . 

9 

8 

7 

17 

16 

Scientists . 

6 

7 

8 

19 

15 

Mathematical . 

0 

0 

1 

1 

1 

Life . 

1 

1 

1 

2 

0 

Physical . 

2 

3 

2 

3 

5 

Computer  specialists . 

3 

3 

5 

14 

10 

Technicians . 

42 

46 

47 

75 

70 

(continued) 
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Total  and  scientist/engineer  employment,  by  industry:  1980, 1983, 1986, 1989, 1992 

(page  4  of  6) 


Industry 

1980 

1983 

Number  of  jobs 

1986 

1989 

1992 

-  --  - 

- - 

Thousands 

-  -- 

— 

Nonmanulacturing^ 

All  occupations . 

.  45,925 

47,025 

54,097 

59,720 

59,582 

All  scientists  and  engineers . 

.  621 

709 

775 

942 

1,051 

Engineers . 

.  387 

428 

452 

545 

591 

Aeronautical/astronautical . 

.  4 

4 

6 

16 

16 

Chemical . 

.  12 

11 

8 

11 

9 

Civil . 

.  73 

95 

86 

84 

87 

Electrical/electronic . 

.  113 

113 

144 

203 

224 

Industrial . 

.  10 

14 

15 

15 

18 

Mechanical . 

.  72 

64 

61 

64 

70 

Other’ . 

.  102 

127 

131 

152 

167 

Scientists . 

.  234 

281 

324 

397 

460 

Life . 

.  8 

11 

12 

23 

29 

Mathematical . 

.  33 

47 

53 

54 

63 

Physical . 

.  44 

53 

56 

63 

77 

Social . 

.  25 

28 

24 

31 

43 

Computer  specialists . 

.  124 

142 

179 

227 

249 

Technicians . 

.  632 

766 

847 

920 

950 

Mining,  all  occupations . 

.  1,027 

952 

777 

693 

631 

All  scientists  and  engineers . 

.  55 

65 

55 

46 

42 

Engineers . 

.  29 

35 

30 

26 

24 

Metailurgical.  ceramic,  materials . 

.  1 

1 

0 

1 

1 

Mining,  including  mine  safety . 

.  3 

3 

3 

3 

3 

Petroleum . 

.  15 

19 

16 

11 

11 

Chemical . 

.  1 

1 

1 

1 

1 

Civil . 

.  1 

2 

1 

1 

1 

Electrical/electronic . 

.  2 

1 

1 

1 

1 

Mechanical . 

.  1 

3 

2 

2 

2 

Sales . 

.  0 

1 

2 

2 

2 

Other' . 

.  6 

4 

4 

5 

3 

Scientists . 

.  26 

31 

26 

20 

18 

Physical . 

.  21 

25 

22 

16 

14 

Computer  specialists . 

.  4 

5 

4 

4 

4 

Technicians . 

.  26 

30 

26 

25 

24 

Construction,  all  occupations . 

.  4,346 

3,948 

4,810 

5,171 

4,471 

All  scientists  and  engineers . 

.  53 

48 

32 

32 

31 

Engineers . 

.  52 

47 

31 

31 

30 

Civil . 

.  18 

19 

10 

11 

11 

Electrical/electronic . 

.  7 

6 

5 

6 

6 

Industrial . 

.  0 

1 

1 

1 

1 

Safety . 

.  1 

1 

1 

1 

1 

Mechanical . 

.  10 

7 

5 

3 

4 

Sales . 

.  0 

8 

5 

4 

4 

Other' . 

.  16 

5 

4 

6 

3 

Scientists . 

.  1 

1 

1 

1 

1 

Computer  specialists . 

.  1 

1 

1 

1 

1 

Technicians . 

.  42 

34 

29 

31 

29 
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Total  and  scientist/engineer  employment,  by  industry:  1980, 1983, 1986, 1989, 1992 

(page  5  of  6) 


Number  of  jobs 


Industry 

1980 

1983 

1986 

1989 

1992 

Comm/trans/utilities,  all  occupations . 

.  5,146 

4,952 

Thousands 

5.247 

5,626 

5,709 

All  scientists  and  engineers . 

.  95 

102 

103 

111 

113 

Engineers . 

.  82 

81 

78 

80 

80 

Aeronautical/astronautical . 

.  1 

1 

1 

1 

1 

Chemical . 

.  1 

1 

1 

1 

1 

Nuclear . 

.  1 

2 

3 

3 

3 

Civil . 

.  5 

7 

8 

6 

6 

Electrical/electronic . 

.  43 

40 

38 

39 

38 

Industrial . 

.  4 

6 

5 

4 

5 

Safety . 

.  0 

0 

1 

1 

1 

Mechanical . 

.  7 

6 

6 

5 

5 

Marine . 

.  1 

1 

1 

1 

1 

Other' . 

.  18 

18 

15 

20 

19 

Scientists . 

.  13 

21 

25 

31 

33 

Life . 

.  0 

0 

1 

0 

1 

Mathematical . 

.  1 

4 

2 

2 

3 

Physical . 

.  0 

0 

2 

3 

3 

Social . 

.  0 

1 

2 

1 

1 

Computer  specialists . 

.  11 

16 

19 

25 

25 

Technicians . 

.  101 

121 

125 

124 

124 

Trade,  all  occupations . 

.  20,310 

20,870 

23,641 

25,662 

25,391 

All  scientists  and  engineers . 

.  66 

66 

72 

96 

106 

Engineers . 

.  40 

36 

45 

70 

75 

Chemical . 

.  3 

0 

0 

0 

0 

Electrical/electronic . 

.  16 

11 

16 

34 

37 

Mechanical . 

.  18 

9 

7 

7 

7 

Sales . 

.  0 

0 

15 

16 

18 

Other' . 

.  3 

15 

8 

13 

13 

Scientists . 

.  26 

30 

27 

26 

31 

Life . 

.  0 

1 

1 

2 

2 

Mathematical . 

.  0 

2 

0 

0 

0 

Physical . 

.  1 

2 

2 

0 

3 

Computer  specialists . 

.  25 

26 

24 

25 

27 

Technicians . 

.  122 

145 

152 

143 

136 

Financial  services,  all  occupations . 

.  5,160 

5,468 

6.273 

6,668 

6.671 

All  scientists  and  engineers . 

.  52 

73 

95 

108 

123 

Engineers . 

.  5 

8 

10 

10 

16 

Safety . 

.  0 

5 

6 

5 

5 

Other' . 

.  5 

3 

3 

5 

11 

Scientists . 

.  47 

64 

85 

98 

108 

Mathematical . 

.  16 

23 

27 

28 

28 

Social . 

.  2 

7 

6 

5 

7 

Computer  specialists . 

.  28 

33 

52 

65 

72 

Technicians . 

.  39 

53 

63 

71 

67 

Engir«eering  services,  all  occupations . 

.  545 

576 

681 

770 

746 

All  scientists  and  engineers . 

.  125 

157 

165 

194 

185 

Engineers . 

.  115 

146 

152 

173 

162 

Aeronautical/astronautical . 

.  1 

2 

4 

7 

6 

Metallurgical,  ceramic,  materials . 

.  0 

1 

1 

1 

1 

Petroleum . 

.  1 

1 

1 

1 

0 

Chemical . 

.  5 

4 

4 

6 

5 

Nuclear . 

.  1 

2 

3 

3 

3 

Civil . 

.  46 

63 

64 

62 

59 
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Total  and  sciantlat/enginaer  employment,  by  Industry:  1980, 1983, 1986, 1989,  and  1992 

(page  6  of  6) 


Industry 

1980 

1983 

Number  of  jobs 

1986 

1969 

1992 

Electrical/electronic . 

.  21 

25 

-  Thousands 

30 

36 

34 

Industrial . 

.  2 

3 

5 

5 

5 

Safety . 

.  1 

1 

1 

3 

2 

Mechanical . 

.  27 

27 

25 

32 

30 

Marine . 

.  1 

2 

2 

2 

2 

Sales . 

.  0 

3 

2 

3 

3 

Other' . 

.  8 

13 

12 

14 

13 

Scientists . 

.  11 

11 

13 

21 

22 

Life . 

.  1 

1 

1 

1 

1 

Mathematical . 

.  1 

1 

1 

2 

2 

Physical . 

.  4 

4 

7 

12 

13 

Social . 

.  2 

1 

1 

1 

1 

Computer  specialists . 

.  3 

3 

3 

5 

6 

Technicians . 

.  156 

199 

220 

250 

233 

Computer  services,  all  occupations . 

.  304 

416 

588 

736 

831 

All  scientists  and  engineers . 

.  41 

59 

91 

138 

168 

Engineers . 

.  5 

11 

29 

55 

69 

Electrical/electronic . 

.  4 

9 

25 

47 

59 

Industrial . 

.  0 

1 

1 

1 

1 

Mechanical . 

.  0 

0 

1 

1 

2 

Sales . 

.  0 

1 

1 

4 

5 

Other' . 

.  1 

1 

2 

2 

3 

Scientists . 

.  37 

48 

62 

84 

99 

Mathematical . 

.  4 

5 

8 

7 

9 

Physical . 

.  0 

0 

0 

1 

1 

Social . 

.  0 

0 

1 

2 

2 

Computer  specialists . 

.  33 

42 

53 

74 

87 

Technicians . 

.  51 

78 

106 

131 

149 

NOTES:  Details  may  not  sum  to  totals  because  of  rounding.  Due  to  revisions  in  Standard  Industrial  Classification  codes  in  1987.  employment  estimates  for  1989  and 
1992  may  not  be  strictly  comparable  with  estimates  for  earlier  years. 

'The  'other'  engineering  category  includes  a  number  of  smaller  fields  that  are  combined  in  the  interest  of  space.  None  of  these  fields  individually  accounts  for  more 
than  about  5  percent  of  the  total  engineering  jobs. 

^Estimates  prior  to  1989  exclude  noncommercial  education  and  research  organizations. 

SOURCES:  Division  of  Science  Resources  Studies,  National  Science  Foundation,  and  the  Bureau  of  Labor  Statistics:  unpublished  tabula!  nns. 

See  figures  3-1 ,  3-2,  and  3-3.  Science  S  t  .  igmeering  Indicators  -  1993 
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SOURCES:  Office  of  Personnel  Management  (OPM),  Occupations  of  Federal  While-Collar  and  Blue-Collar  liV(}rf(srs  (Washington.  DC:  National  Technical  Information  Services.  t991);  OPM.  Occupations  of  Federal  White- 
Collar  and  Blue-Collar  Workers  (Washington.  DC:  1985);  arid  Science  Resources  Studies  Division.  National  Sciertce  Foundation,  unpublished  tabulations. 
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Appendix  table  3-3. 

Estimated  full-time-equivalent  scientists  and  engineers  employed  in  R&D  in  the  United  States,  by  sector:  1969-M 


Labor  force 

United  States 

R&D  scientists  &  engineers 
Industry' 

All  other’ 

Ratio  of  R&O  scientists 
&  engineers  to  labor  force’ 

1969 . 

_  83.0 

552.7 

385.6 

167.1 

66.6 

1970 . 

_  84.9 

543.8 

375.6 

168.2 

64.1 

1971 . 

_  86.4 

523.5 

358.6 

164.9 

60.6 

1972 . 

_  88.8 

515.0 

354.0 

161.0 

58.0 

1973 . 

_  91.2 

514.6 

358.9 

155.7 

56.4 

1974 . 

_  93.7 

520.6 

361.7 

158.9 

55,6 

1975 . 

_  95.5 

527.4 

363.9 

163.5 

55.3 

1976 . 

_  97.8 

535.2 

373.6 

161.6 

54.7 

1977 . 

_  100.7 

560.6 

393.6 

167.0 

55.7 

1978 . 

_  103.9 

586.6 

414.2 

172.4 

56.5 

1979 . 

_  106.6 

614.5 

437.3 

177.2 

57.7 

1980 . 

_  108.5 

651.1 

469.2 

181.9 

60.0 

1981 . 

_  110.3 

683.2 

498.8 

184.4 

61.9 

1982 . 

_  111.9 

711.8 

525.4 

186.4 

63.6 

1983 . 

_  113.2 

751.6 

562.5 

189.1 

66.4 

1984 . 

_  115.2 

797.6 

603.3 

194.3 

69.2 

1985 . 

_  117.2 

841.6 

646.8 

194.8 

71.8 

1986 . 

_  119.5 

882.3 

683.4 

198.9 

73.8 

1987 . 

_  121.6 

910.2 

702.2 

208.0 

74.9 

1988 . 

_  123.4 

927.3 

714.4 

212.9 

75.2 

1989 . 

_  125.6 

949.3 

726.0 

223.3 

75.6 

NOTE:  Data  are  based  on  surveys  of  employers  and  Include  full-time  employees  plus  the  full-time  equivalent  of  part-time  employees.  Data  exdude  sdentists  and 
engineers  employed  in  state  and  local  government  agendes. 

'Industry  data  include  professional  R&D  personnel  employed  at  industry-administered  federally  financed  R&D  centers.  Data  exdude  social  scientists. 

’Estimates  are  for  the  Federal  Government  (induding  managers  of  R&D),  universities  and  colleges  (tndudtng  the  number  of  full-time  er^ivalent  graduate  students 
receiving  stipends  and  engaged  in  R&D),  other  nonprofit  institutions,  and  federally  financed  R&D  centers  administered  by  universities  and  other  nonprofit  institutions. 
Estimates  since  1985  exdude  military  service  personnel. 

’Number  of  full-time-equivalent  sdentists  and  engineers  employed  in  R&D  adivities  per  10,000  labor  force  population. 

SOURCES:  Science  Resources  Studies  Division,  National  Sdence  Foundation,  National  Patterns  of  PSD  Resources:  1992,  Final  Report.  NSF  92-330  (Washington, 
DC.  NSF:  1 992):  and  Bureau  of  Labor  Statistics,  Employment  and  Earnings. 
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Appendix  table  3-4. 

Doctoral  scientists  and  engineers  primarily  employed  in  R&O,  by  employment  sector  and  degree  field:  1991 


Degree  field 

Industry 

Academia 

R&D 

Basic 

research 

Applied 

research 

Develop¬ 

ment 

R&D 

Basic 

research 

Applied 

research 

Develop¬ 

ment 

Total  science  and  engineering  .  . 

48.4 

3.8 

27.5 

17.1 

36.1 

23.7 

11.9 

0.6 

Sciences . 

46.2 

4.5 

29.3 

12.4 

36.4 

25.4 

10.6 

0.4 

Physical  sciences . 

55.6 

4.8 

35.7 

15.1 

43.1 

30.0 

11.7 

1.4 

Chemistry . 

54.9 

4.8 

379 

12.2 

37.1 

27.6 

9.0 

0.5 

Physics/astronomy . 

57.2 

4.8 

30.3 

22.2 

49.1 

32.3 

14.4 

2.4 

Mathematical  sciences . 

44.0 

2.6 

19.7 

21.7 

26.2 

19.5 

5.8 

0.9 

Mathematics . 

47.9 

2.6 

19.0 

26.3 

25.2 

19.4 

4.8 

1.1 

Statistics/probability . 

31.4 

2.4 

22.1 

6.9 

32.1 

20.2 

11.9 

• 

Computer/intormation  sciences  .  . 

58.2 

7.3 

25.0 

25.9 

45.8 

27.0 

18.0 

0.8 

Environmental  sciences . 

36.2 

2.3 

30.5 

3.3 

40.3 

29.4 

10.5 

0.5 

Earth  sciences . 

34.6 

0.8 

31.1 

2.7 

30.2 

22.8 

6.9 

0.5 

Oceanography . 

42.9 

8.2 

29.8 

5.0 

71.4 

57.7 

13.7 

* 

Atmospheric  sciences . 

43.5 

10.4 

24.9 

8.3 

58.0 

30.7 

26.8 

0.6 

Life  sciences . 

44.2 

5.8 

29.0 

9.3 

52.3 

38.5 

13.5 

0.3 

Biological  sciences . 

45.8 

7.9 

30.4 

7.5 

55.5 

45.9 

9.3 

0.3 

Agricultural  sciences . 

39.3 

0.7 

22.9 

15.7 

50.7 

15.9 

34.5 

0.3 

Medical  sciences . 

43.3 

3.7 

30.4 

9.1 

39.5 

24.5 

14.6 

0.4 

Psychology . 

23.1 

2.0 

10.6 

10.5 

24.4 

15.3 

9.0 

• 

Social  sciences . 

21.5 

0.8 

17.3 

3.4 

17.8 

10.0 

7.8 

• 

Economics . 

20.6 

1.4 

18.2 

0.9 

23.1 

10.9 

12.1 

• 

Sociology/anthropology . 

17.8 

0.7 

15.4 

1.7 

17.7 

11.3 

6.4 

• 

Other  social  sciences . 

24.1 

0.5 

17.6 

6.0 

14.5 

8.5 

6.0 

« 

Engineering . 

53.7 

2.2 

23.3 

28.1 

33.6 

10.8 

21.4 

1.4 

Aeronautical/astronautical . 

65.4 

0.4 

34.1 

30.8 

36.7 

15.7 

19.8 

1.2 

Chemical . 

56.5 

1.0 

29.3 

26.1 

34.5 

16.2 

17.6 

0.6 

Civil . 

28.9 

1.3 

13.2 

14.4 

17.6 

2.1 

15.5 

* 

Electrical/electronic . 

58.7 

1.2 

21.9 

35.7 

33.7 

11.2 

20.8 

1.7 

Materials . 

61.8 

4.8 

34.4 

22.6 

34.4 

15.8 

18.7 

• 

Mechanical . 

53.6 

4.3 

19.4 

29.9 

29.6 

9.5 

17.3 

2.8 

Nuclear . 

43.4 

1.7 

15.4 

26.3 

60.4 

10.5 

38.1 

11.8 

Systems  design . 

44.7 

e 

6.3 

38.4 

49.6 

11.5 

38.1 

* 

Other  engineering . 

47.0 

3.5 

18.0 

25.5 

38.5 

11.5 

26.0 

1.0 

*  =  no  cases  reported 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation.  Characteristics  of  Doctoral  Scientists  and  Engineers:  1991  (Washington.  (X::  NSF. 
forthcoming). 

See  figure  3-6. 
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Total  and  R&D  employment  of  U.S.  companies’  foreign  affiliates,  by  Industry:  1962  and  1969 
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Appendix  table  3-7. 

Employed  wage  and  salary  workers  who  usually  work  full  time,  by  occupation:  1987  and  1992 


Occupation 


Total,  all  occupations . 

Managerial  and  professional  specialty  occupations . 

Executive,  administrative,  and  managerial . 

Professional  specialty  occupations . 

Architects . 

Engineers . 

Aerospace . 

Metallurgical  and  materials . 

Mining . 

Petroleum . 

Chemical . 

Nuclear . 

Civil . 

Agricultural . 

Electrical/electronic . 

Industrial . 

Mechanical . 

Marine  and  naval  architects . 

All  other  engineers . 

Mathematical  and  computer  scientists . 

Natural  scientists . 

Physicists  and  astronomers . 

Chemists,  except  biochemists . 

Atmospheric  and  space  scientists . 

Geologists  and  geodesists . 

All  other  physical  scientists . 

Agricultural  and  food  scientists . 

Biological  and  life  scientists . 

Forestry  and  conservation  scientists . 

Medical  scientists . 

Physicians . 

Registered  nurses . 

Pharmacists . 

Teachers,  college  and  university . 

Teachers,  except  college  and  university . 

Social  scientists  and  urban  planners . 

Economists . 

Psychologists . 

Social  workers . 

Lawyers . 

Editors  and  reporters . 

SOURCE:  Bureau  of  Labor  Statistics.  Current  Population  Survey,  unpublished  tabulations. 

See  figure  3-8. 


Employment  Change 

1987  1992  1987-92 

- Thousands -  ~  Percent 


80,836 

84,143 

4.1 

20,894 

23.246 

11.3 

10,216 

11,287 

10.5 

10,678 

11,959 

12.0 

74 

82 

10.8 

1,641 

1,594 

(2.9) 

106 

83 

(21.7) 

21 

21 

0.0 

5 

4 

(20.0) 

26 

17 

(34.6) 

58 

64 

10.3 

16 

6 

(62.5) 

200 

197 

(1.5) 

1 

2 

100.0 

513 

472 

(8.0) 

225 

200 

(11.1) 

250 

286 

14.4 

11 

14 

27.3 

207 

228 

10.1 

628 

861 

37.1 

357 

402 

12.6 

26 

23 

(11.5) 

121 

120 

(0.8) 

12 

7 

(41.7) 

36 

47 

30.6 

13 

30 

130.8 

25 

20 

(20.0) 

66 

81 

22.7 

22 

22 

0.0 

36 

53 

47.2 

239 

294 

23.0 

1,125 

1,266 

12.5 

104 

143 

37.5 

480 

495 

3.1 

2,894 

3,418 

18.1 

217 

232 

6.9 

92 

93 

1.1 

103 

102 

(1.0) 

428 

523 

22.2 

338 

381 

12.7 

210 

197 

(6.2) 
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Appendix  table  3-8. 


Median  annual  salaries  of  engineers,  by  Industry:  1987  and  1992 

Salaries 

Change 

Industry 

1987 

1992 

1987-92 

- 

Dollars  - 

— 

-  Percent  - 

All  Industries . 

47,150 

54,900 

16.4 

All  manufacturing  Industries . 

46,050 

53,850 

16.9 

Aerospace . 

44,950 

52,650 

17.1 

Chemicals,  drugs,  and  plastics . 

51,000 

65,400 

28.2 

Electric  machinery/electronics/computers . 

43,900 

52,250 

19.0 

Electrical  machinery . 

42,500 

48,900 

15.1 

Electronic  equipment . 

43,800 

52,150 

19.1 

Computers . 

48,350 

56,950 

17.8 

Fabricated  metal  products . 

44,500 

47,700 

7.2 

Nonelectrical  machinery . 

40,250 

49,150 

22.1 

Petroleum . 

57,000 

72,500 

27.2 

Precision  instruments . 

43,400 

52,300 

20.5 

Other  durable  goods . 

45,800 

57,800 

26.2 

Other  nondurable  goods . 

45,800 

58,900 

28.6 

All  nonmanufacturing  industries . 

48,950 

56,150 

14.7 

Construction . 

41,750 

58,600 

40.4 

Consulting  and  engineering  services . 

46,450 

57,300 

23.4 

Electric  and  gas  utilities . 

47,700 

57,500 

20.5 

Research  and  development  organizations . 

53,250 

63,500 

19.2 

Other  nonmanufacturing . 

44,950 

53,500 

19.0 

SOURCE:  Engineering  Workforce  Commission,  annual  survey  of  engineers'  salaries.  1987  and  1992  Special  Industry 
Reports. 
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Appendix  table  3-9. 

Median  annual  salaries  of  engineers  working  In 
Industry,  by  supervisory  status  and  degree  level: 
1987  and  1992 


Degree  level 

and  supervisory  status 

Salaries 

Change 

1987-92 

1987 

1992 

- Dollars - 

—Percent — 

All  engineers . 

47,150 

54,900 

16.4 

Supervisor . 

59,450 

70,050 

17.8 

Nonsupervisor . 

42,650 

50,050 

17.4 

Bachelors . 

44,150 

52,550 

19.0 

Supervisor . 

56,150 

67,800 

20.7 

Nonsupervisor . 

40,250 

48,100 

19.5 

Masters . 

51,950 

59,350 

14.2 

Supervisor . 

63,750 

73,100 

14.7 

Nonsupervisor . 

46,550 

54,150 

16.3 

Doctorate . 

59,700 

70,600 

18.3 

Supervisor . 

70,550 

84,600 

19.9 

Nonsupervisor . 

55,200 

64,550 

16.9 

SOURCE:  Engineering  Workforce  Commission,  annual  survey  of  engineers' 
salaries,  1987  and  1992  Special  Industry  Reports. 
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Appendix  table  3-12. 

Median  annual  earnings  of  wage  and  salary  workers  who  usually  work  full  time, 
by  selected  occupation:  1987  and  1992 


Occupation 

Earnings 

Change 

1987-92 

1987 

1992 

— 

Dollars - 

— Percent — 

Total,  all  occupations . 

19,396 

23,140 

19.3 

Managerial  and  professional  specialty  occupations. . . 

27,144 

34,060 

25.5 

Executive,  administrative,  and  managerial . 

27,560 

33,800 

22.6 

Professional  specialty  occupations . 

26,936 

34,268 

27.2 

Architects . 

33,124 

35,984 

8.6 

Engineers . 

37,440 

44,824 

19.7 

Aerospace . 

39,364 

49,244 

25.1 

Chemical . 

42,068 

51,064 

21.4 

Civil . 

34,528 

43,160 

25.0 

Electrical/electronic . 

38,272 

46,384 

21.2 

Industrial . 

34,736 

40,664 

17.1 

Mechanical . 

37,544 

42,796 

14.0 

Mathematical  and  computer  scientists . 

32,448 

41,548 

28.0 

Natural  scientists . . 

31,980 

38,012 

18.9 

Chemists,  except  biochemists . 

32,812 

39,416 

20.1 

Biological  and  life  scientists . 

27,300 

34,476 

26.3 

Physicians . 

36,296 

52,364 

44.3 

Registered  nurses . 

25,064 

34,424 

37.3 

Pharmacists . 

35,204 

45,032 

27.9 

Teachers,  college  and  university . 

33,020 

41,548 

25.8 

Teachers,  except  college  and  university . 

24,440 

29,172 

19.4 

Social  scientists  and  urban  planners . 

27,872 

36,660 

31.5 

Economists . 

33,020 

38,896 

17.8 

Psychologists . 

25,116 

34,580 

37.7 

Social  workers . 

21,476 

25,428 

18.4 

Lawyers . 

42,328 

56,420 

33.3 

Editors  and  reporters . 

23,452 

30,212 

28.8 

SOURCE:  Bureau  of  Labor  Statistics,  Current  Population  Survey,  unpublished  tabulations. 

See  figure  3-10.  Series  &  Engineering  Indicators  -  1993 
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Appendix  table  3-1 3. 

Average  annual  salary  offers  to  bachelors  degree  candidates,  in  selected  fields:  1988-93 


Salary  offers  Change  from 

Degree  field  1988  1989  1990  1991  1992  1993  1988-89  1989-90  1990-91  1991-92  1992-93 


- Dollars - - Percent - 

Accounting .  24,000  25,223  26,391  26,642  27,179  27,493  5.1  4.6  1.0  2.0  1.2 

Business  administration  .  .  .  21,456  22,450  23,529  24,019  24,305  24,555  4.6  4.8  2.1  1.2  1.0 

Communications .  20,220  20,819  21,002  21,852  21,262  21,498  3.0  0.9  4.0  (2.7)  1.1 

Nursing .  23,652  24,915  28,270  29,596  31,732  31,064  5.3  13.5  4.7  7.2  (2.1) 

Engineering 

Aerospace/aeronautic _  28,176  29,433  30,509  30,667  31,826  31,583  4.5  3.7  0.5  3.8  (0.8) 

Chemical .  30,996  32,949  35,122  37.492  39,203  39,482  6.3  6.6  6.7  4.6  0.7 

Civil .  25,596  27,046  28,136  29,658  29,376  29,211  5.7  4.0  5.4  (1.0)  (0.6) 

Computer .  29,736  30,244  31,490  32,280  32,848  33,963  1.7  4.1  2.5  1.8  3.4 

Electrical .  29,736  30,594  31,778  33,190  33,754  34,313  2.9  3.9  4.4  1.7  1.7 

Industrial .  28,476  29,660  30,525  32,131  32,348  32,940  4.2  2.9  5.3  0.7  1.8 

Mechanical .  29,388  30,490  32,064  33,999  34,462  34,460  3.7  5.2  6.0  1.4  0.0 

Petroleum .  32,016  32,789  35,202  38,882  40,679  38,387  2.4  7.4  10.5  4.6  (5.6) 

Biological  sciences .  20,364  21,495  21,800  21,917  21,851  21,558  5.6  1.4  0.5  (0.3)  (1.3) 

Chemistry .  26,004  26,307  27,494  26,836  27,557  28,002  1.2  4.5  (2.4)  2.7  1.6 

Computer  science .  27,408  28,659  29,804  30,696  30,523  31,329  4.6  4.0  3.0  (0.6)  2.6 

Mathematics .  26,724  26,407  27,032  27,370  28,434  26,524  (1.2)  2.4  1.3  3.9  (6.7) 

Physics .  27,816  28,022  28,022  29,227  29,019  26,835  0.7  0.0  4.3  (0.7)  (7.5) 

Psychology .  20,592  19,400  20,688  20,541  20,180  20,571  (5.8)  6.6  (0.7)  (1.8)  1.9 

Sociology .  NA  18,979  20,134  20,341  21,015  22,079  NA  6.1  1.0  3.3  5.1 


NA  =  not  available 

SOURCE:  College  Placement  Council,  Sun/ey  o(  Beginning  Salary  Offers,  annual  series. 
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Appendix  table  3-1 5. 

Median  annual  salaries  of  full-time  employed  doctoral  scientists  and  engineers,  by  degree  field 
and  type  of  employer:  1991 


Degree  field 

Total 

employed 

Industry 

Educational 

institutions 

Federal 

Government 

Nonprofit 

organizations 

Total  science  and  engineering . 

_  60,700 

70,200 

56,300 

60,300 

59,600 

Sciences . 

59,000 

69,000 

55,200 

59,700 

55,600 

Physical  sciences . 

65,100 

68,800 

61,100 

61,700 

63,500 

Chemistry . 

63,200 

66.900 

56,500 

61,300 

57,500 

Physics/asfronomy . 

67,100 

73,000 

64,500 

62,700 

65,900 

Mathematical  sciences . 

60,800 

70.700 

56,700 

70,300 

* 

Mathematics . 

60,100 

70,600 

55,800 

74,200 

• 

Statistics/probability . 

62,400 

70,800 

60,000 

* 

* 

Computer  and  information  sciences . 

68,100 

75,600 

63,600 

• 

• 

Environmental  sciences . 

60,200 

70,300 

55,600 

62,200 

55,900 

Earth  sciences . 

60,300 

72,100 

55,400 

62,700 

• 

Oceanography . 

60,400 

67,400 

56,000 

60.300 

* 

Atmospheric  sciences . 

58,300 

• 

51,900 

• 

• 

Life  sciences . 

55,500 

65,200 

52,100 

54,500 

56,700 

Biological  sciences . 

55,500 

65,500 

52,000 

54,500 

56,400 

Agricultural  sciences . 

51,500 

55,600 

50,100 

54,200 

* 

Medical  sciences . 

59,500 

70,900 

55,000 

57,000 

59,800 

Psychology . 

55.500 

70,500 

53,400 

54,700 

50,000 

Social  sciences . 

56,000 

70,500 

55,000 

66,000 

52,400 

Economics . 

64,200 

90,200 

60,400 

68,500 

• 

Sociology/anfhropology . 

50,500 

50,000 

51,300 

52,400 

40,500 

Other  social  sciences . 

55,200 

73,000 

52,400 

67,400 

56,000 

Engineering . 

70,200 

71,400 

67,800 

65,400 

72.200 

Aeronautical/astronautical . 

73,200 

75,600 

72,300 

• 

* 

Chemical . 

71,400 

74,400 

66,200 

• 

* 

Civil . 

65,200 

64,900 

66,400 

63,900 

* 

Electrical/electronic . 

74,200 

75,900 

72,800 

70,800 

70,400 

Materials . 

64,800 

62,900 

70,700 

• 

• 

Mechanical . 

68,900 

73,200 

67,200 

59,900 

• 

Nuclear . 

70,400 

67,700 

70,500 

• 

e 

Systems  design . 

71,300 

72,800 

69,000 

« 

• 

Other  engineering . 

68,000 

70,500 

66,400 

61,200 

* 

*  =  no  medians  were  computed  (or  groups  with  fewer  than  20  individuals  reporting  salary 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Characteristics  of  Doctoral  Scientists  and  Engineers:  1991  (Washington,  DC:  NSF, 
forthcoming). 
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Appendix  table  3-18. 

Immigrant  scientists  and  engineers,  by  region/country  of  birth  and  occupation:  1976  and  1982-92 

(page  1  of  2) 
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Appendix  table  3-1 8. 

Immigrant  scientists  and  engineers,  by  region/country  of  birth  and  occupation:  1976  and  1982-92 
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Appendix  table  3-20. 

Nonacademic  scientists  and  engineers  in  seiected  countries,  by  sector  of  empioyment:  Most  current  year 

West 

United 

United 

Canada 

France 

Germany 

Japan 

Sweden 

Kingdom 

States 

Sector 

(1986) 

(1992) 

(1985) 

(1990) 

(1985) 

(1990) 

(1992) 

-  -  -  ■  -  - 

-  - 

~  II 

— 

— 

—  - 

Scientists 

Total . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Agriculture . 

3.4 

0.3 

0.2 

0.2 

0.6 

1.7 

0.8 

Mining . 

4.4 

1.8 

2 

0.0 

0.3 

1.6 

1.5 

Manufacturing . 

14.1 

19.3 

43.0 

23.0 

25.0 

30.9 

22.2 

Construction . 

0.5 

0.5 

0.9 

0.4 

1.7 

0.7 

0.2 

Wholesale  and  retail  trade . 

4.8 

6.0 

2.2 

0.5 

10.0 

4.4 

3.1 

Transportation,  communications, 

and  public  utilities . 

7.6 

2.5 

2.9 

0.5 

5.3 

6.8 

4.0 

Business  and  professional  services  . .  . 

21.3 

43.6 

39.7 

73.7 

286 

25.0 

48.2 

Government . 

NA 

NA 

7.4 

1.6 

NA 

NA 

19.6 

All  other . 

44.1 

25.9 

3.7 

0.0 

28.5 

28.9 

— 

Engineers 

Total . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Agriculture . 

0.7 

0.0 

0.1 

0.2 

0.4 

0.0 

0.1 

Mining . 

6.1 

4.3 

2 

0.1 

0.8 

2.4 

1.7 

Manufacturing . 

30.8 

43.2 

43.9 

30.6 

47.8 

48.6 

48.4 

Construction . 

4.6 

8.1 

10.5 

21.7 

16.9 

10.1 

2.0 

Wholesale  and  retail  trade . 

2.0 

5.5 

1.9 

3.2 

5.1 

3.5 

4.2 

Transportation,  communications. 

and  public  utilities . 

14.4 

8.1 

10.1 

4.2 

8.3 

9.3 

5.7 

Business  and  professional  services  .  .  . 

28.1 

15.8 

21.0 

37.0 

12.2 

18.8 

22.8 

Government . 

NA 

NA 

12.0 

3.1 

NA 

NA 

14.3 

All  other . 

13.2 

15.0 

0.5 

0.0 

8.6 

7.2 

— 

—  =  less  than  0.05  percent;  NA  =  not  available,  but  included  in  “all  other"  category. 

'Data  exclude  Northern  Ireland. 

^Mining  data  are  included  under  transportation,  communications,  and  public  utilities. 

NOTES:  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Because  of  rounding,  details  may  not  sum  to  100  percent.  Figures  for 
France,  West  Germany,  Japan,  Canada,  Sweden,  and  the  United  Kingdom  are  estimates  prepared  by  the  U.S.  Bureau  of  the  Census  based  on  published  and 
unpublished  census  and  survey  data  for  the  year  shown. 

SOURCES:  Bureau  of  Labor  Statistics,  Occupational  Employment  Survey:  Bureau  of  the  Census:  and  Science  Resources  Division,  National  Science  Foundation, 
unpublished  tabulations. 
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Appendix  table  3-21 . 

Scientists  and  engineers  in  manufacturing  for  selected  countries,  by  occupation  group:  Most  current  year 


Occupation 

Canada 

(1986) 

France 

(1992) 

West 

Germany 

(1985) 

Japan 

(1985) 

Sweden 

(1985) 

United 

Kingdom’ 

(1990) 

United 

States 

(1992) 

-- 

Percent 

■  -  - 

Total  scientists  and  engineers  .  . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Scientists . 

39.3 

302 

18.4 

25.7 

19.1 

32.4 

21,2 

Natural . 

113 

8.6 

10.9 

4.4 

5,4 

10.0 

93 

Computer . 

24,4 

20.0 

2 

21,2 

8.4 

22  4 

11.9 

Social/other . 

3.6 

1.4 

7.4 

0.1 

5.3 

0.0 

0.0 

Engineers . 

60.7 

69.8 

81  6 

74.3 

80.9 

67.6 

78.8 

Civil . 

4.1 

2.2 

25.9 

32.1 

2.2 

0.8 

0.7 

Electrical/electronic . 

15.0 

26.9 

13.0 

15.4 

20.2 

16.8 

25.3 

Industrial/mechanical/other . 

41.6 

40.8 

42.8 

26.8 

58.5 

50.0 

52.8 

'Data  exclude  Northern  Ireland. 

^Systems  analysts  are  included  with  natural  scientists:  computer  engineers  are  included  with  etectncat/electronic  engineers 

NOTES:  Figures  refer  to  scientists  and  engineers  employed  in  science  and  engineering  jobs.  Details  may  not  sum  to  totals  because  of  rounding.  Figures  for  France. 
West  Germany.  Japan.  Canada.  Sweden,  and  the  United  Kingdom  are  estimates  prepared  by  the  U  S.  Bureau  ot  the  Census  based  on  pubtished  and  unpublished 
census  and  survey  data  for  the  years  shown. 

SOURCES:  Bureau  of  Labor  Statistics.  Occupational  Employment  Sunrey:  Bureau  of  the  Census:  and  Science  Resources  Division.  National  Science  Foundation, 
unpublished  tabulations. 
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Appendix  table  3-22. 

Scientists  and  engineers  engaged  in  R&D  and  per  10,000  labor  force  population,  by  country:  1985-90 
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Appendix  table  4-1 . 

GDP  and  GDP  implicit  price  deflators;  1960-94 


GDP  implicit  price  deflators 

GDP 

Calendar  year 

Fiscal  year 

Calendar  year 

Fiscal  year 

Billions  of  dollars 

1960  . 

.  0.260 

0.261 

513  3 

505.9 

1961 . 

...  0  263 

0.263 

531  8 

516  9 

1962  . 

_  0.269 

0.268 

571.6 

554.3 

1963  . 

0.272 

0.272 

603  1 

585  0 

1964  . 

0.277 

0.276 

648  0 

626.5 

1965  . 

0.284 

0.283 

702.7 

671.4 

1966  . 

.  0  294 

0.291 

769.8 

738.6 

1967  . 

0.303 

0.301 

814.3 

791.3 

1968  . 

....  0.318 

0.312 

889.3 

849.8 

1969  . 

...  0.334 

0.328 

959.5 

925.6 

1970  . 

....  0.352 

0346 

1.010.7 

985  6 

1971 . 

0.371 

0.363 

1,097  2 

1.051.6 

1972  . 

0.388 

0382 

1,207.0 

1.1458 

1973  . 

....  0.413 

0.402 

1,349.6 

1.278.0 

1974  . 

...  0.449 

0.433 

1,458.6 

1,403.3 

1975  . 

...  0.492 

0.476 

1,585.9 

1,511.0 

1976  . 

....  0.523 

0.512 

1.768  4 

1.685  1 

1977  . 

....  0  559 

0.554 

1,974.1 

1,919.7 

1978  . 

....  0.603 

0.596 

2,232.7 

2,156  4 

1979  . 

_  0.656 

0.647 

2.488.6 

2.431  9 

1980  . 

....  0.717 

0.706 

2.708.0 

2.644.5 

1981 . 

_  0.789 

0.778 

3.030.6 

2,964.7 

1982  . 

_  0.838 

0.836 

3.149.6 

3,124.9 

1983  . 

....  0.872 

0.870 

3.405.0 

3,317.0 

1984  . 

0.910 

0  909 

3.777.2 

3.696.7 

1985  . 

_  0.944 

0.943 

4.038.7 

3,970.9 

1986  . 

0.969 

0.971 

4.268.6 

4,219.6 

1987  . 

1.000 

1.000 

4,539.9 

4,453.3 

1988  . 

_  1 .039 

1.036 

4,900.4 

4.810.0 

1989  . 

....  1 .085 

1.082 

5,250.6 

5.170.1 

1990  . 

_  1.132 

1.127 

5.522.2 

5.459.5 

1991 . 

_  1.178 

1.168 

5.677.5 

5.626.6 

1992  . 

_  1 .209 

1.201 

5.943.1 

5.869.6 

1993  . 

_  1 .238 

1.230 

6.254.2 

6.172.3 

1994  . 

....  1 .267 

1.260 

6.593.5 

6.506.9 

NOTE;  Data  are  as  of  March  9.  1993 

SOURCES:  Bureau  of  Economic  Analysis,  Survey  of  Current  Business  (Washington.  DC;  Department  of 
Commerce,  monthly  series);  and  Office  of  Management  and  Budget,  unpublished  tabulations. 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-2. 

Purchasing  power  parities  and  market  exchange  rates,  by  selected  country:  1970-91 


Purchasing  power  parities  Market  exchange  rates 


Canada 

France 

Germany 

Italy 

Japan 

United  Kingdom 

Germany 

Japan 

Units  of  foreign  currency  per  U.S.  dollar 

1970  . 

.  1.11 

4.23 

2.87 

401 

241 

0.273 

3.65 

358 

1971 . 

.  1.09 

4.28 

2.94 

408 

242 

0.284 

3.48 

347 

1972  . 

.  1.10 

4.39 

2.96 

415 

245 

0.294 

3.19 

303 

1973  . 

.  1.13 

4.47 

2.95 

440 

260 

0.295 

2.65 

271 

1974  . 

.  1.18 

4.60 

2.89 

484 

286 

0.311 

2.58 

292 

1975  . 

.  1.18 

4.73 

2.79 

513 

280 

0.360 

2.45 

297 

1976  . 

.  1.21 

4.94 

2.72 

572 

284 

0.390 

2.52 

297 

1977  . 

.  1 .20 

5.04 

2.64 

635 

283 

0.417 

2.32 

268 

1978  . 

.  1.19 

5.17 

2.56 

675 

277 

0.432 

2.00 

208 

1979  . 

.  1 .20 

5.23 

2.45 

715 

261 

0.454 

1.83 

218 

1980  . 

.  1 .22 

5.35 

2.35 

786 

250 

0.497 

1.81 

226 

1981 . 

.  1 .23 

5.44 

2.24 

855 

237 

0.506 

2.25 

221 

1982  . 

.  1 .26 

5.73 

2.19 

941 

226 

0.511 

2.43 

249 

1983  . 

.  1 .27 

6.07 

2.20 

1,048 

222 

0.520 

2.55 

238 

1984  . 

.  1.27 

6.29 

2.16 

1,129 

219 

0.525 

2.85 

238 

1985  . 

.  1 .27 

6.48 

2.15 

1,196 

217 

0.548 

2.94 

239 

1986  . 

.  1 .27 

6.68 

2.18 

1,264 

216 

0.548 

2.17 

168 

1987  . 

.  1 .29 

6.69 

2.16 

1,300 

210 

0.559 

1.80 

145 

1988  . 

.  1.31 

6.69 

2.12 

1,342 

204 

0.576 

1.76 

128 

1989  . 

.  1 .32 

6.66 

2.09 

1,371 

200 

0.593 

1.88 

138 

1990  . 

.  1.31 

6.59 

2.08 

1,415 

196 

0.608 

1.62 

145 

1991 . 

.  1 .30 

6.53 

2.09 

1,460 

193 

0.623 

1.70 

135 

NOTE:  German  data  are  for  the  former  West  Germany  only. 

SOURCES:  Organisation  lor  Economic  Co-operation  and  Development,  Main  Science  and  Technology  Indicators  database;  and  International  Monetary  Fund. 
International  Statistics  Teartiook  (Washington.  DC:  IMF,  1992). 

See  figure  4-6. 
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Appendix  table  4-4. 

National  expenditures  for  total  R&D,  by  source  of  funds  and  performer:  1970-93 


Total 

Source  of  funds 

Performer 

Federal 

Government 

Industry 

Universities 
&  colleges' 

Other 

nonprofits 

Federal 

Government 

Industry 

Universities 
&  colleges 

U&C 

FFRDCs^ 

Other 

nonprofits 

- -  . 

- . --  -  - 

- -  -  - 

Millions  of  current  dollars 

- - 

- 

— 

1970.  .  .  . 

.  .  26,134 

14,891 

10,444 

462 

337 

4,079 

18,067 

2,335 

737 

916 

1971  .... 

26,676 

14,964 

10,822 

529 

361 

4,228 

18,320 

2,500 

716 

912 

1972.  .  .  . 

28,476 

15,807 

11,710 

574 

385 

4,589 

19,552 

2,630 

753 

952 

1973  .... 

30,718 

16,399 

13,293 

613 

413 

4,762 

21,249 

2,884 

817 

1,006 

1974.  .  .  . 

32,863 

16,850 

14,877 

676 

460 

4,911 

22,887 

3,022 

865 

1,178 

1975  .... 

35,213 

18,109 

15,820 

749 

535 

5,354 

24,187 

3,409 

987 

1,276 

1976.  .  .  . 

39,018 

19,914 

17,694 

809 

601 

5,769 

26,997 

3,729 

1,147 

1,376 

1977. .  .  . 

42,783 

21 ,594 

19,629 

888 

672 

6,012 

29,825 

4,067 

1,384 

1,495 

1978.  .  .  . 

48,128 

23,875 

22,450 

1,037 

766 

6,810 

33,304 

4,625 

1.717 

1,672 

1979  .... 

54,953 

26,825 

26,082 

1,214 

832 

7,418 

38,226 

5,380 

1,935 

1,994 

1980  .... 

62,610 

29,461 

30,912 

1,334 

903 

7,632 

44,505 

6,077 

2,246 

2,150 

1981  .... 

71 ,869 

33,415 

35,945 

1,549 

960 

8,426 

51 ,810 

6,847 

2,486 

2,300 

1982. . . . 

80,018 

36,583 

40,692 

1,727 

1,016 

9,141 

58,650 

7,323 

2,479 

2,425 

1983.  .  .  . 

89,143 

40,838 

45,252 

1,927 

1,126 

10,582 

65,268 

7,881 

2,737 

2,675 

1984.  .  .  . 

,.  101,142 

45,648 

52,204 

2,101 

1,189 

11,572 

74,800 

8,620 

3,150 

3,000 

1985.  .  .  . 

..  113,818 

52,127 

57,978 

2,369 

1,344 

12,945 

84,239 

9,686 

3,523 

3,425 

1986. . . . 

..  119,531 

54,281 

61,057 

2,784 

1,409 

13,535 

87,823 

10,928 

3,895 

3,350 

1987. . . . 

.  .  125,353 

57,912 

62,643 

3,192 

1,606 

13,413 

92,155 

12,154 

4,206 

3,425 

1988, . . . 

.  .  133,742 

61 ,320 

67,144 

3,462 

1,816 

14,281 

97,889 

13,466 

4,531 

3,575 

1989  .... 

.  .  140,771 

62,634 

72,110 

3,947 

2,080 

15,121 

101,854 

15,016 

4,730 

4,050 

1990  .... 

.  .  146,434 

63,996 

75,714 

4,356 

2,368 

16,002 

104,606 

16,344 

4,832 

4,650 

1991  .... 

.  .  145,383 

59,146 

78,804 

4,850 

2,583 

15,238 

102,246 

17,620 

5,079 

5,200 

1992  .... 

.  .  154,500 

65,150 

81,050 

5,400 

2,900 

16,600 

107,800 

19,050 

5,300 

5,750 

1993  .... 

.  .  160,750 

68,000 

83,550 

6,000 

3,200 

16,600 

112,300 

20,550 

5,300 

6,000 

Millions  Of  COnSianl  lyo/  oullars 

1970.  .  .  . 

74,597 

42,622 

29,673 

1,335 

966 

11,789 

51,327 

6,749 

2,130 

2,602 

1971  .... 

72,345 

40,730 

29,174 

1,457 

984 

1 1 ,647 

49,380 

6,887 

1,972 

2,458 

1972.  .  .  . 

73,714 

41 ,029 

30,183 

1,503 

1,000 

12,013 

50,392 

6,885 

1,971 

2,454 

1973  .  .  .  . 

74,938 

40,208 

32,192 

1,525 

1,013 

1 1 ,846 

51,450 

7,174 

2,032 

2,436 

1974.  .  .  . 

73,916 

38,170 

33,141 

1,561 

1,043 

11,342 

50,973 

6,979 

1,998 

2,624 

1975.  .  .  . 

72,237 

37,396 

32,162 

',574 

1,105 

11,248 

49,161 

7,162 

2,074 

2,593 

1976.  .  .  . 

75,041 

38,464 

33,837 

1,580 

1,161 

1 1 ,268 

51 ,620 

7,283 

2,240 

2,631 

1977 . .  .  . 

76,720 

38,793 

35,117 

1,603 

1,207 

10,852 

53,354 

7,341 

2,498 

2,674 

1978 . .  .  . 

80,070 

39,819 

37,234 

1,740 

1,277 

11,426 

55,231 

7,760 

2,881 

2,773 

1979.  .  .  . 

84,082 

41,167 

39,763 

1,876 

1,276 

11,465 

58.271 

8,315 

2,991 

3,040 

1980.  .  .  . 

87,669 

41 ,393 

43,118 

1,890 

1,268 

10,810 

62,071 

8,608 

3,181 

2,999 

1981  .  .  .  . 

91 ,407 

42,629 

45,563 

1,991 

1,225 

10,830 

65,665 

8,801 

3,195 

2,915 

1982.  .  .  . 

95,541 

43,702 

48,559 

2,066 

1,214 

10,934 

69,988 

8,760 

2,965 

2,894 

1983  .... 

.  .  102,284 

46,881 

51,896 

2,215 

1,293 

12,163 

74,849 

9,059 

3,146 

3,068 

1984. . . . 

..  111,173 

50,187 

57,368 

2,311 

1,307 

12,730 

82,198 

9,483 

3,465 

3,297 

1985,  .  .  . 

.  .  120,599 

55,245 

61,418 

2,512 

1,425 

13,727 

89,236 

10,271 

3,736 

3,628 

1986  .... 

.  .  123,295 

55,966 

63,009 

2,867 

1,453 

13,939 

90,633 

1 1 ,254 

4,011 

3,457 

1987. . .  . 

.  .  125,353 

57,912 

62,643 

3,192 

1,606 

13,413 

92,155 

12,154 

4,206 

3,425 

1988  .... 

.  .  128,812 

59,094 

64,626 

3,342 

1,750 

13,785 

94,215 

12,998 

4,374 

3,441 

1989. . .  . 

.  .  129,832 

57,801 

66,463 

3,648 

1,920 

13,975 

93,875 

13,878 

4,372 

3,733 

1990 . .  .  . 

.  .  129,504 

56,653 

66,890 

3,865 

2,097 

14,199 

92,408 

14,502 

4,287 

4,108 

1991  .  .  .  . 

.  .  123,691 

50,431 

66,905 

4,152 

2,202 

13,046 

86,796 

15,086 

4,348 

4,414 

1992.  .  .  . 

.  .  128,017 

54,068 

67,046 

4,496 

2,407 

13,822 

89,165 

15,862 

4,413 

4,756 

1993 . .  .  . 

.  .  130,070 

55,102 

67,496 

4,878 

2,593 

13,496 

90,711 

16,707 

4,309 

4,847 

FFRDC  =  federally  funded  research  and  development  center:  USC  =  universities  and  colleges 

NOTES;  Data  are  preliminary  for  1992  and  estimated  for  1993.  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data 
generally  are  estimated.  Expenditures  for  FFRDCs  administered  by  industry  and  nonprofit  institutions  are  included  in  the  totals  ol  the  respective  sector. 

'Includes  state  and  local  government  funds  to  the  university  and  college  sector. 

^U&C  FFRDCs  are  administered  by  Individual  universities  and  colleges  and  by  university  consortia. 

'“See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCt  cience  Resources  Studies  Division.  National  Science  Foundation,  National  Patterns  of  R&D  Resources:  1992,  NSF  92-330  (Washington,  DC:  NSF. 
1992):  ano  unpuolished  tabulations. 

See  figures  4-1  and  4-2. 
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Appendix  table  4-5. 

National  expenditures  for  basic  research,  by  source  of  funds  and  performer:  1970-93 


Total 

Source  of  funds 

Performer 

Federal 

Government 

Industry' 

Universities 
&  colleges^ 

Other 

nonprofits 

Federal 

Government 

Industry 

Universities 
&  colleges 

U&C 

FFRDCs’ 

Other 

nonprofits 

1970 . 

3,531 

2,471 

528 

350 

182 

559 

602 

1,796 

269 

305 

1971 . 

3,652 

2,509 

547 

400 

196 

566 

590 

1.914 

260 

322 

1972 . 

3,801 

2,605 

563 

415 

218 

597 

593 

2,022 

244 

345 

1973  . 

3,945 

2,708 

605 

408 

224 

608 

631 

2,053 

296 

357 

1974 . 

4,343 

3,017 

650 

431 

245 

696 

699 

2,153 

390 

405 

1975 . 

4,738 

3,270 

705 

477 

286 

734 

730 

2,410 

439 

425 

1976 . 

5,130 

3,589 

769 

475 

297 

786 

819 

2.549 

512 

464 

1977 . 

5,735 

4,021 

850 

527 

337 

914 

911 

2,800 

600 

510 

1978 . 

6,649 

4,702 

964 

605 

378 

1,029 

1,035 

3,133 

867 

585 

1979 . 

7,570 

5,350 

1,092 

716 

412 

1,089 

1,158 

3,628 

1,015 

680 

1980 . 

8,433 

5,909 

1,271 

797 

456 

1,182 

1,325 

4.042 

1,124 

760 

1981 . 

9,595 

6,619 

1,589 

907 

480 

1,302 

1,614 

4,593 

1,261 

825 

1982 . 

10,429 

7,099 

1,833 

998 

499 

1,465 

1,904 

4,878 

1,317 

865 

1983 . 

11,633 

7,771 

2,121 

1,171 

570 

1,690 

2,223 

5,303 

1,472 

945 

1984 . 

12,906 

8,491 

2,565 

1,254 

596 

1,861 

2,608 

5,732 

1,675 

1,030 

1985 . 

14,192 

9,176 

2,885 

1,447 

684 

1,923 

2,862 

6,553 

1,749 

1,105 

1986 . 

16,585 

9,993 

4,132 

1,733 

727 

2,019 

4,047 

7,490 

1,859 

1,170 

1987 . 

17,993 

10,870 

4,289 

2,003 

831 

2,046 

4,323 

8,392 

2,012 

1,220 

1988 . 

18,775 

1 1 ,604 

4,134 

2,113 

924 

2,050 

4,280 

8.893 

2,222 

1,330 

1989 . 

20,648 

12,967 

4,269 

2,365 

1,047 

2,371 

4,646 

9,801 

2.330 

1,500 

1990 . 

22,099 

13,705 

4,586 

2,616 

1,192 

2,366 

4,909 

10,681 

2,403 

1,740 

1991 . 

22,829 

14,351 

4,257 

2,919 

1,302 

2,446 

4,373 

11,538 

2,572 

1,900 

1992 . 

24,380 

15,350 

4,410 

3,180 

1,440 

2,700 

4,500 

12,400 

2,700 

2,080 

1993 . 

26,220 

16,450 

4,640 

3,540 

1,590 

2,900 

4,700 

13,500 

2,850 

2.270 

1970  . 

10,161 

7,125 

1,502 

1,012 

522 

1,616 

1,710 

5,191 

777 

866 

1971 . 

.  .  10,006 

6,892 

1,477 

1,102 

535 

1,559 

1,590 

5,273 

716 

868 

1972 . 

9,912 

6,805 

1,453 

1,086 

567 

1,563 

1,528 

5,293 

639 

889 

1973 . 

9,748 

6,713 

1,469 

1,015 

551 

1,512 

1,528 

5,107 

736 

864 

1974 . 

9,939 

6,934 

1,453 

995 

557 

1,607 

1,557 

4,972 

901 

902 

1975 . 

9,875 

6,842 

1,438 

1,002 

593 

1,542 

1,484 

5,063 

922 

864 

1976 . 

9,967 

6,991 

1,473 

928 

575 

1,535 

1,566 

4.979 

1,000 

887 

1977 . 

10,329 

7,250 

1,522 

951 

606 

1,650 

1,630 

5,054 

1,083 

912 

1978 . 

.  .  11,124 

7,878 

1,601 

1,015 

631 

1,727 

1,716 

5,257 

1,455 

970 

1979 . 

.  .  11,661 

8,255 

1,667 

1,107 

633 

1,683 

1,765 

5,607 

1,569 

1,037 

1980 . 

11,899 

8,354 

1,776 

1,129 

641 

1,674 

1,848 

5,725 

1,592 

1,060 

1981 . 

12,289 

8,493 

2,017 

1,166 

613 

1,674 

2,046 

5,904 

1,621 

1.046 

1982 . 

12,467 

8,489 

2,188 

1,194 

596 

1,752 

2,272 

5,835 

1,575 

1,032 

1983 . 

13,363 

8,929 

2,433 

1,346 

655 

1,943 

2,549 

6,095 

1,692 

1,084 

1984 . 

14,194 

9,340 

2,819 

1,380 

655 

2,047 

2,866 

6,306 

1,843 

1,132 

1985 . 

15,045 

9,729 

3,057 

1,534 

725 

2,039 

3,032 

6,949 

1,855 

1,171 

1986 . 

17,091 

10,294 

4,263 

1,785 

749 

2,079 

4,176 

7,714 

1,915 

1,207 

1987 . 

17,993 

10,870 

4,289 

2,003 

831 

2,046 

4,323 

8,392 

2.012 

1,220 

1988 . 

18,107 

11,196 

3,980 

2,040 

891 

1,979 

4,119 

8,584 

2,145 

1,280 

1989 . 

19,067 

1 1 ,979 

3,936 

2,186 

967 

2,191 

4,282 

9,058 

2.153 

1,382 

1990 . 

19,583 

12,152 

4,054 

2,321 

1,056 

2,099 

4,337 

9,477 

2,132 

1,537 

1991 . 

19,500 

12,270 

3,619 

2,499 

1,111 

2,094 

3,712 

9,878 

2,202 

1,613 

1992 . 

20,263 

12,768 

3,652 

2,648 

1,196 

2,248 

3,722 

10,325 

2,248 

1,720 

1993 . 

21 ,280 

13,360 

3,753 

2,878 

1,289 

2,358 

3,796 

10.976 

2,317 

1,834 

FFRDC  =  federally  funded  research  and  development  center:  U&C  =  universities  and  colleges 

NOTES:  Data  are  preliminary  for  1992  and  estimated  for  1993.  Data  are  based  on  annual  reports  by  performers  except  for  the  nonprofit  sector,  for  which  data 
generally  are  estimated.  Expenditures  for  FFRDCs  administered  by  industry  and  nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector. 

'The  imputation  procedure  for  industry  funding  of  its  basic  research  changed  for  1986  and  after.  These  data  may  not  be  comparable  to  data  for  1985  and  earlier. 
’Includes  state  and  local  government  funds  to  the  university  and  college  sector. 

’U&C  FFRDCs  are  administered  by  individual  universities  and  colleges  and  by  university  consortia. 

‘See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCE  ;ience  Resources  Studies  Division,  National  Science  Foundation.  National  Patterns  of  RSD  Resources:  1992,  NSF  92-330  (Washington,  DC:  NSF, 
1992):  and  unpublished  tabulations. 

See  figures  4-2  and  4-3. 
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Appendix  table  4-6. 

National  expenditures  for  applied  research,  by  source  of  funds  and  performer:  1970-93 


Source  of  funds  Performer 


Total 

Federal 

Government 

Industry' 

Universities 
&  colleges^ 

Other 

nonprofits 

Federal 

Government 

Industry 

Universities 
&  colleges 

U&C 

FFRDCs^ 

Other 

nonprofits 

Millions  of  current  dollars 

1970  . 

5.738 

3,097 

2,427 

99 

115 

1,345 

3,427 

427 

216 

323 

1971 . 

5.759 

3,028 

2,494 

115 

122 

1,322 

3,415 

474 

210 

338 

1972  . 

6,011 

3,131 

2,615 

140 

125 

1,387 

3,514 

524 

221 

365 

1973  . 

6,598 

3,395 

2,891 

172 

140 

1,480 

3,825 

713 

227 

353 

1974  . 

7,189 

3,495 

3,332 

203 

159 

1,574 

4,288 

736 

178 

413 

1975 . 

7,802 

3,878 

3,517 

225 

182 

1,730 

4,570 

851 

203 

448 

1976  . 

8,954 

4,442 

4,003 

282 

227 

2,093 

5,112 

1,016 

235 

498 

1977  . 

9.570 

4,611 

4,410 

303 

246 

2,044 

5,636 

1,067 

290 

533 

1978  . 

10,584 

4,969 

4,981 

354 

280 

2,191 

6,300 

1,184 

319 

590 

1979 . 

11 ,982 

5,478 

5,796 

413 

295 

2,392 

7,225 

1,313 

342 

710 

1980 . 

13,619 

6,168 

6,693 

444 

314 

2,484 

8,450 

1,536 

424 

725 

1981 . 

16,366 

6,957 

8,535 

534 

340 

2.732 

10,699 

1,731 

424 

780 

1982 . 

18,155 

7,618 

9,566 

608 

363 

2,729 

12,323 

1,858 

430 

815 

1983  . 

20.266 

8,752 

10,507 

621 

386 

3,020 

13,927 

1,988 

456 

875 

1984 . 

22,383 

9,458 

11,810 

700 

415 

2,903 

15,765 

2.254 

541 

920 

1985 . 

25,334 

10,910 

13,217 

756 

451 

3,133 

18.255 

2,420 

591 

935 

1986 . 

27,075 

10,316 

15,437 

856 

466 

3.141 

19,760 

2,629 

565 

980 

1987  . 

27,685 

10,645 

15,542 

966 

532 

3,392 

19,813 

2,912 

538 

1,030 

1988 . 

29,076 

10,642 

16,706 

1,107 

621 

3,288 

20,595 

3,519 

534 

1,140 

1989 . 

31 ,984 

12,018 

17,943 

1,306 

717 

3,611 

22,388 

4,080 

605 

1,300 

1990  . 

33,667 

12,524 

18,897 

1,435 

811 

3,587 

23,628 

4.363 

629 

1,460 

1991 . 

35,350 

13.086 

19,785 

1,591 

888 

4,093 

24,084 

4,570 

933 

1,670 

1992 . 

37,610 

14,250 

20,510 

1,840 

1,010 

4,450 

25,400 

4,920 

1,000 

1,840 

1993 . 

39,680 

15,450 

21 ,070 

2,040 

1,120 

4,900 

26,500 

5,360 

1,000 

1,920 

Millions  of  constant  1987  dollars^ 

1970  . 

16,399 

8,888 

6,896 

286 

329 

3,887 

9,736 

1,234 

624 

918 

1971 . 

15,642 

8,270 

6,724 

317 

332 

3,642 

9,205 

1,306 

579 

911 

1972  . 

15,579 

8,148 

6,740 

366 

324 

3,631 

9,057 

1,372 

579 

941 

1973  . 

.  .  16,136 

8,364 

7,002 

428 

343 

3,682 

9,262 

1,774 

565 

855 

1974 . 

16,216 

7,964 

7,423 

469 

360 

3,635 

9,550 

1,700 

411 

920 

1975 . 

.  ,  16,048 

8,049 

7,151 

473 

375 

3,634 

9,289 

1,788 

426 

911 

1976 . 

17,258 

8,613 

7.656 

551 

438 

4,088 

9,774 

1.984 

459 

952 

1977 . 

17,175 

8,296 

7.890 

547 

442 

3,690 

10,082 

1.926 

523 

953 

1978 . 

17,624 

8,302 

8,261 

594 

467 

3,676 

10,448 

1,987 

535 

978 

1979 . 

18,351 

8.424 

8,837 

638 

452 

3,697 

11,014 

2,029 

529 

1,082 

1980 . 

19,091 

8,685 

9,336 

629 

441 

3,518 

1 1 ,785 

2,176 

601 

1,011 

1981 . 

20,830 

8,891 

10,819 

686 

434 

3,512 

13,560 

2,225 

545 

989 

1982 . 

21,679 

9,102 

11,416 

727 

434 

3,264 

14,705 

2,222 

514 

973 

1983  . 

23,255 

10,049 

12,050 

714 

443 

3,471 

15,971 

2,285 

524 

1,003 

1984 . 

24,604 

10,399 

12,978 

770 

456 

3,194 

17,324 

2,480 

595 

1,011 

1985 . 

26,844 

1 1 ,563 

14,001 

802 

478 

3.322 

19,338 

2,566 

627 

990 

1986 . 

27,928 

10,635 

15,930 

882 

480 

3,235 

20,392 

2,708 

582 

1,011 

1987 . 

27,685 

10,645 

15,542 

966 

532 

3,392 

19,813 

2,912 

538 

1,030 

1988 . 

28,005 

10,258 

16,080 

1,069 

599 

3,174 

19,822 

3,397 

515 

1,097 

1989  . 

29,500 

1 1 ,093 

16,538 

1,207 

662 

3,337 

20,634 

3,771 

559 

1,198 

1990 . 

29,775 

1 1 ,089 

16,695 

1,273 

718 

3,183 

20,873 

3,871 

558 

1,290 

1991 . 

30,078 

11,161 

16,798 

1,362 

757 

3,504 

20,445 

3,913 

799 

1,418 

1992  . 

31,165 

1 1 ,828 

16,967 

1,532 

838 

3,705 

21 ,009 

4,097 

833 

1,522 

1993 . 

32,111 

12,523 

17,022 

1,659 

908 

3,984 

21  405 

4,358 

813 

1,551 

FFRDC  =  federally  funded  research  and  development  center:  U&C  =  universities  and  colleges 

NOTES:  Data  are  preliminary  tor  1 992  and  estimated  for  1 993.  Data  are  based  on  annual  reports  by  perfor  ot  for  the  nonprofit  sector,  for  which  data  are 

estimated.  Since  1978.  the  applied  research/development  split  for  the  academic  sector  has  been  estimated  jitures  for  FFRDCs  administered  by  industry  and 

nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector. 

'The  imputation  procedure  for  industry  funding  of  its  applied  research  changed  tor  1986  and  after.  These  data  may  not  be  comparable  to  data  for  1985  and  earlier. 
^Includes  slate  and  local  government  funds  to  the  university  and  college  sector. 

’use  FFRDCs  are  administered  by  individual  universities  and  colleges  and  by  university  consortia. 

■“See  app  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation.  National  Patterns  of  RSD  Resources:  1992.  NSF  92-330  (Washington.  DC;  NSF. 
1992):  and  unpublished  tabulations. 

See  figures  4-2  and  4-3. 
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Appendix  table  4-7. 

National  expenditures  for  development,  by  source  of  funds  and  performer:  1970-93 


Total 

Source  of  funds 

Performe' 

Federal 

Government 

Universities 
Industry'  &  colleges^ 

Other 

nonprofits 

Federal 

Government 

Industry 

Universities 
&  colleges 

U&C 

FFRDCs^ 

Other 

nonprofits 

Millions  of  current  dollars 

1970  . 

16.865 

9.323 

7.489 

13 

40 

2.175 

14.038 

112 

252 

288 

1971 . 

17.265 

9,427 

7.781 

14 

43 

2.340 

14,315 

112 

246 

252 

1972  . 

18.664 

10,071 

8.532 

19 

42 

2.605 

15.445 

84 

288 

242 

1973  . 

20.175 

10.296 

9.797 

33 

49 

2.674 

16.793 

118 

294 

296 

1974  . 

21.331 

10.338 

10.895 

42 

56 

2.641 

17.900 

133 

297 

360 

1975  . 

.  22.673 

10.961 

11,598 

47 

67 

2,890 

18,887 

148 

345 

403 

1976  . 

.  24,934 

1 1 ,883 

12,922 

52 

77 

2.890 

21,066 

164 

400 

414 

1977 . 

.  27.478 

12,962 

14,369 

58 

89 

3.054 

23,278 

200 

494 

452 

1978  . 

.  30.895 

14,204 

16.505 

78 

108 

3.590 

25.969 

308 

531 

497 

1979  . 

35.401 

15.997 

19,194 

85 

125 

3.937 

29.843 

439 

578 

604 

1980  . 

.  40.558 

1 7.384 

22.948 

93 

133 

3.966 

34.730 

499 

698 

665 

1981 . 

45,908 

19,839 

25.821 

108 

140 

4,392 

39.497 

523 

801 

695 

1982  . 

51 .434 

21,866 

29.293 

121 

154 

4.947 

44.423 

587 

732 

745 

1983  . 

57.244 

24,315 

32,624 

135 

170 

5.872 

49,118 

590 

809 

855 

1984  . 

.  .  65.853 

27.699 

37.829 

147 

178 

6.808 

56.427 

634 

934 

1.050 

1985  . 

.  .  74,292 

32.041 

41,876 

166 

209 

7.889 

63.122 

713 

1,183 

1.385 

1986  . 

75,871 

33.972 

41.488 

195 

216 

8.375 

64.016 

809 

1,471 

1.200 

1987  . 

79,675 

36.397 

42.812 

223 

243 

7.975 

68,019 

850 

1,656 

1.175 

1988  . 

.  85,891 

39,074 

46,304 

242 

271 

8.943 

73.014 

1.054 

1.775 

1.105 

1989 . 

.  .  88,139 

37,649 

49.898 

276 

316 

9.139 

74.820 

1.135 

1.795 

1,250 

1990 . 

90,668 

37,767 

52.231 

305 

365 

10,049 

76.069 

1,300 

1,800 

1,450 

1991 . 

87.204 

31.709 

54.762 

340 

393 

8.699 

73.789 

1.512 

1.574 

1.630 

1992  . 

92,510 

35.550 

56,130 

380 

450 

9.450 

77.900 

1.730 

1.600 

1.830 

1993  . 

94.850 

36,100 

57,840 

420 

490 

8.800 

81.100 

1.690 

1.450 

1.810 

Millions  of  constant  1987  dollars" 

1970  . 

48,037 

26.609 

21.276 

38 

114 

6.286 

39,881 

324 

728 

818 

1971 . 

46.697 

25.568 

20.973 

39 

116 

6.446 

38.585 

309 

678 

679 

1972  . 

48,224 

26.076 

21,990 

50 

109 

6.819 

39,807 

220 

754 

624 

1973  . 

49,054 

25.131 

23,722 

82 

119 

6.652 

40.661 

294 

731 

717 

1974  . 

47,761 

23,272 

24.266 

97 

126 

6.099 

39.866 

307 

686 

802 

1975  . 

46.314 

22.505 

23,574 

lO 

137 

6.071 

38.388 

311 

725 

819 

1976  . 

47.817 

22.860 

24,708 

148 

5.645 

40,279 

320 

781 

792 

1977  . 

.  49.216 

23.247 

25.705 

159 

5.513 

41,642 

361 

892 

809 

1978  . 

51 .322 

23.640 

27,372 

180 

6.023 

43,066 

517 

891 

824 

1979 . 

54.070 

24.488 

29.259 

i  j  i 

191 

6.085 

45.492 

679 

893 

921 

1980  . 

56.678 

24.355 

32.006 

132 

186 

5.618 

48.438 

707 

989 

927 

1981 . 

58.287 

25.244 

32.727 

139 

178 

5.645 

50.060 

672 

1,030 

881 

1982 . 

.  .  61.395 

26.110 

34.956 

145 

184 

5.917 

53.011 

702 

876 

889 

1983 . 

.  .  65.666 

27.903 

37.413 

155 

195 

6.749 

56.328 

678 

930 

981 

1984 . 

72.376 

30.448 

41.570 

162 

196 

7.490 

62.008 

697 

1.028 

1.154 

1985 . 

.  .  78.710 

33.952 

44,360 

176 

221 

8.366 

66,867 

756 

1,255 

1,467 

1986 . 

.  .  78.276 

35,037 

42.815 

201 

223 

8.625 

66.064 

833 

1.515 

1.238 

1987 . 

.  .  79.675 

36,397 

42.812 

223 

243 

7,975 

68.019 

850 

1,656 

1.175 

1988 . 

82.700 

37.639 

44.566 

234 

261 

8.632 

70,273 

1,017 

1,713 

1.064 

1989 . 

81 .265 

34,729 

45.989 

255 

291 

8,446 

68,959 

1.049 

1,659 

1,152 

1990 . 

80.147 

33.413 

46.141 

271 

323 

8.917 

67.199 

1.154 

1,597 

1.281 

1991 . 

74.113 

27,000 

46.488 

291 

334 

7.448 

62,639 

1.295 

1,348 

1.384 

1992 . 

76.588 

29.472 

46.427 

316 

373 

7,868 

64,433 

1.440 

1.332 

1,514 

1993  . 

76,678 

29.219 

46.721 

341 

396 

7.154 

65.509 

1,374 

1,179 

1,462 

FFRDC  =  federally  funded  research  and  development  center;  U&C  =  universities  and  colleges 

NOTES  Dala  are  preliminary  for  1992  and  estimated  for  1993  Data  are  based  on  annual  reports  by  periormers  except  lor  the  nonprofit  sector,  for  which  data  are 
estimated  Since  1978.  the  applied  research  development  split  tor  the  academic  sector  has  been  estimated.  Expenditures  for  FFRDCs  administered  by  industry  and 
nonprofit  institutions  are  included  in  the  totals  of  the  respective  sector 

The  imputation  procedure  for  industry  funding  of  its  development  changed  for  1986  and  after.  These  data  may  not  be  comparable  to  data  for  1985  and  earlier 
Includes  stale  and  local  government  funds  to  the  university  and  college  sector 
'use  FFRDCs  are  administered  by  individual  universities  and  colleges  and  by  university  consortia 
'See  app  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars 

SOURCES  Science  Resources  Studies  Division  National  Science  Foundation.  National  Patterns  of  PSD  Resources  1992.  NSF  92-330  (Washington.  DC  NSF. 
19921.  and  unpublished  tabulations 

See  figures  4-2  and  4-3  Science  S  Engineering  Indicators  -  1993 


Appendix  table  4-8. 

Geographic  distribution  of  U.S.  R&D  expenditures,  by  performer  and  source  of  funds:  1991 

(page  1  of  2) 
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Appendix  table  4-8. 

Geographic  distribution  of  U.S.  R&D  expenditures,  by  performer  and  source  of  funds:  1991 
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Appendix  table  4-9. 

RAD  performance,  grose  etate  product,  and  R&D/GSP  ratio,  by  atate:  1991 


Total  R&D 

QSP* 

R&D/GSP 

- Millions  of  dollars 

—Percent— 

Alabama . 

1,503 

75,774 

2.0 

Alaska . 

146 

22,254 

0.7 

Arizona . 

1,399 

70,860 

2.0 

Arkansas . 

198 

41,650 

0.5 

California . 

28,337 

765,038 

3.7 

Colorado' . 

2,473 

74,952 

3.3 

Connecticut . 

1,913 

92,773 

2.1 

Delaware' . 

949 

16,500 

5.8 

District  of  Columbia . 

1,737 

43,654 

4.0 

Florida . 

3,700 

249,367 

1.5 

Georgia . 

1,479 

142,893 

1.0 

Hawaii . 

145 

30,622 

0.5 

Idaho^ . 

79-1,064 

18,516 

NA 

Illinois . 

6,417 

278,488 

2.3 

Indiana . 

2,347 

113,883 

2.1 

Iowa . 

777 

57,223 

1.4 

Kansas* . 

.  .  .  141-2,104 

54,554 

NA 

Kentucky . 

317 

73,012 

0.4 

Louisiana . 

457 

88,562 

0.5 

Maine* . 

57-341 

24,546 

NA 

Maryland . 

5,864 

106,676 

5.5 

Massachusetts . 

8,561 

147,893 

5.8 

Michigan . 

8,851 

190,166 

4.7 

Minnesota . 

2,228 

101,939 

2.2 

Mississippi . 

299 

41,725 

0.7 

Missouri* . 

.  .  .  399-2.362 

106,919 

NA 

Montana* . 

66-1,051 

14,428 

NA 

Nebraska . 

211 

35,009 

0.6 

Nevada . 

261 

33,200 

0.8 

New  Hampshire' . 

270 

24,935 

1.1 

New  Jersey . 

8,768 

216,408 

4.1 

New  Mexico . 

2,582 

28,157 

9.2 

New  York . 

10,363 

467,342 

2.2 

North  Carolina . 

1,965 

141,271 

1.4 

North  Dakota* . 

56-2,019 

13,465 

NA 

Ohio . 

5,975 

226,078 

2.6 

Oklahoma . 

604 

57,569 

1.0 

Oregon . 

600 

59,424 

1.0 

Pennsylvania . 

7,621 

247,019 

3.1 

Rhode  Island . 

485 

19,076 

2.5 

South  Carolina . 

595 

67,447 

0.9 

South  Dakota . 

32 

12,746 

0.3 

Tennessee  . 

1,139 

102,473 

1.1 

Texas  . 

6,635 

392,197 

1.7 

Utah . 

665 

32,142 

2.1 

Vermont* . 

56-340 

12,141 

2.8 

Virginia . 

2,771 

147,233 

1.9 

Washington . 

3,890 

112,106 

3.5 

West  Virginia' . 

223 

31,671 

0.7 

Wisconsin . 

1,573 

102,764 

1.5 

Wyoming  . 

41 

12,401 

0.3 

NA  =  not  available 

'Total  in-state  R&D  performance  of  all  sectors  estimated  from  range  reported  in  appendix  table  4-8. 

^R&D  performance  range  too  wide  for  point  estimation. 

Harass  state  product  data  are  available  from  the  Bureau  of  Economic  Analysis  (BEA)  through  1989.  QSP  data  for  1991  are  estimated 
here  based  on  changes  in  employee  compensation  and  proprietors'  irtcome  between  1989  and  1991,  as  reported  by  BEA. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  unpublished  tabulations. 

See  figure  4-4.  Science  &  Engineering  indicators  -  1993 
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Appendix  A  Appendix  Tables 


Appendix  table  4-11. 

Estimated  federal  obligations  for  R&D,  by  selected  agency,  performer,  and  character  of  work:  FY  1993 


Agency 

Total 

Federal 

intramural 

Industrial 

firms 

FFRDCs 
admin,  by 
industry 

Univers. 

and 

colleges 

FFRDCs 
admin,  by 
U&C 

Other 

non¬ 

profits 

FFRDCs  states 
admin,  by  local 
nonprofits  govt. 

Foreign 

Millions  of  dollars 

Total  R&O 

Total,  all  agencies . 

69,754 

16,643 

31,203 

2,142 

11,764 

3.703 

2.957 

721 

286 

336 

Dept,  of  Agriculture . 

1,337 

899 

9 

• 

416 

0 

7 

0 

3 

4 

Dept,  of  Commerce . 

623 

477 

88 

0 

50 

• 

3 

• 

5 

• 

Dept,  of  Defense . 

36,155 

8,277 

24,543 

315 

1,558 

558 

272 

447 

1 

185 

Dept,  of  Energy . 

6,731 

567 

1,242 

1,759 

576 

2,203 

164 

216 

4 

2 

Dept,  of  Health  &  Human  Services.  .  .  . 

11,143 

2,361 

452 

21 

6,284 

35 

1.719 

26 

187 

59 

Dept,  of  the  Interior . 

541 

482 

13 

* 

40 

0 

1 

0 

3 

2 

Dept,  of  Transportation . 

493 

262 

158 

1 

32 

0 

9 

15 

15 

1 

Environmental  Protection  Agency  .... 

520 

116 

214 

0 

123 

* 

38 

0 

28 

0 

National  Aeronautics  &  Space  Admin .  . 

8,629 

2,646 

4.288 

0 

675 

750 

252 

2 

5 

12 

National  Science  Foundation . 

2,247 

16 

102 

1 

1.838 

135 

143 

* 

4 

8 

All  other  agencies . 

1,336 

541 

94 

45 

171 

23 

349 

16 

34 

63 

Basic  research 

Total,  all  agencies . 

14,184 

2,893 

1,104 

227 

7,070 

1,468 

1,228 

79 

59 

55 

Dept,  of  Agriculture . 

642 

416 

3 

0 

215 

0 

4 

0 

1 

2 

Dept,  of  Commerce . 

40 

36 

• 

0 

3 

* 

* 

0 

0 

* 

Dept,  of  Defense . 

1,162 

333 

94 

1 

682 

11 

31 

0 

• 

11 

Dept,  of  Energy . 

1,873 

57 

36 

215 

405 

971 

120 

68 

* 

1 

Dept,  of  Health  &  Human  Services.  .  .  . 

5,849 

1,113 

212 

11 

3,530 

21 

870 

9 

50 

31 

Dept,  of  the  Interior . 

195 

179 

1 

0 

12 

0 

1 

0 

3 

0 

Dept,  of  Transportation . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Environmental  Protection  Agency  .... 

116 

12 

51 

0 

52 

• 

0 

0 

0 

0 

National  Aeronautics  &  Space  Admin . . 

2,060 

597 

6t3 

0 

453 

331 

60 

1 

1 

4 

National  Science  Foundation . 

2,094 

15 

91 

1 

1,710 

135 

132 

* 

4 

7 

All  other  agencies . 

154 

135 

2 

0 

7 

* 

11 

0 

1 

0 

Applied  research 

Totai,  ail  agencies . 

13,715 

4,948 

2,955 

451 

3,183 

916 

976 

101 

94 

92 

Dept,  of  Agriculture . 

630 

420 

6 

• 

198 

0 

2 

0 

2 

1 

Dept,  of  Commerce . 

494 

406 

40 

0 

43 

• 

1 

* 

c 

wT 

* 

Dept,  of  Defense . 

3,365 

1,401 

1,392 

21 

449 

55 

30 

10 

0 

6 

Dept,  of  Energy . 

1,748 

262 

195 

376 

137 

684 

29 

61 

2 

* 

Dept,  of  Health  &  Human  Services.  .  .  . 

3,460 

803 

181 

7 

1,840 

10 

529 

14 

58 

20 

Dept,  of  the  Interior . 

311 

280 

4 

* 

25 

0 

1 

0 

1 

2 

Dept,  of  Transportation . 

210 

85 

91 

1 

19 

0 

8 

1 

4 

1 

Environmental  Protection  Agency  .... 

319 

93 

122 

0 

59 

0 

27 

0 

19 

0 

National  Aeronautics  &  Space  Admin .  . 

2,103 

888 

857 

0 

147 

145 

61 

* 

1 

4 

National  Science  Foundation . 

153 

1 

11 

0 

127 

* 

11 

• 

1 

1 

All  other  agencies . 

921 

309 

57 

45 

138 

23 

276 

15 

3 

56 

Development 

Total,  all  agencies . 

41,855 

8.802 

27,144 

1.464 

1,511 

1,318 

753 

541 

133 

189 

Dept,  of  Agriculture . 

65 

63 

0 

0 

2 

0 

• 

0 

* 

• 

Dept,  of  Commerce . 

89 

36 

47 

0 

5 

• 

1 

• 

0 

0 

Dept,  of  Defense . 

31,628 

6,542 

23.056 

293 

427 

492 

211 

438 

1 

169 

Dept,  of  Energy . 

3,111 

248 

1.011 

1.168 

34 

548 

14 

86 

1 

• 

Depf.  of  Health  &  Human  Services .... 

1,834 

445 

59 

3 

914 

4 

320 

2 

78 

8 

Dept,  of  the  Interior . 

35 

23 

9 

0 

3 

0 

0 

0 

0 

0 

Dept,  of  Transportation . 

283 

176 

68 

• 

13 

0 

1 

14 

11 

0 

Environmental  Protection  Agency  .... 

84 

11 

41 

0 

12 

0 

11 

C 

9 

0 

National  Aeronautics  &  Space  Admin .  . 

4,465 

1,161 

2.817 

0 

75 

274 

131 

1 

2 

4 

National  Science  Foundation . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

All  other  agencies . 

260 

97 

36 

* 

26 

* 

63 

0 

31 

8 

'  =  less  than  $500.CXX):  FFRDC  =  federally  funded  research  and  development  center:  U&C  =  universities  and  colleges 

NOTE:  These  figures  reflect  funding  levels  as  reported  by  federal  agencies  in  March  through  October  1992.  They  differ  from  the  figures  in  appendix  table  4-10.  which 
reflect  subsequent  congressional  appropriation  actions  through  March  1993. 

SOURCE:  Science  Resources  Studies  Division.  National  Scienct  -oundation.  Federal  Furxls  for  Research  and  Development:  Fiscal  Years  1991.  1992.  and  1993 
(Washington.  DC:  NSF.  1993). 

See  text  table  4-3 
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Science  &  Engineering  indicators  -  1993 
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Appendix  table  4-13. 

Federal  R&D  obligations  for  federal  intramural  performance,  by  selected  agency:  FYs  1980-93 


All 

agencies 

Defense 

Energy 

NASA 

HHS 

USDA 

Commerce 

Interior 

All 

other 

agencies 

- 

- Millions  of  dollars 

-  -  - 

1980  . 

7,632 

3,796 

474 

965 

820 

457 

226 

242 

653 

1981  . 

8,426 

4,281 

451 

1,044 

872 

511 

237 

274 

756 

1982  . 

9,141 

5,139 

176 

1,166 

946 

531 

242 

261 

680 

1983  . 

10,582 

6,401 

258 

1,134 

1,034 

559 

252 

274 

670 

1984  . 

11 ,572 

7,257 

216 

1,043 

1,066 

589 

256 

334 

811 

1985  . 

12,945 

8,324 

224 

1,171 

1,147 

628 

280 

342 

830 

1986  . 

13,535 

8,881 

206 

1,217 

1,236 

630 

285 

332 

749 

1987  . 

13,413 

8,336 

248 

1,414 

1,293 

649 

320 

355 

799 

1988  . 

14,115 

8,880 

245 

1,335 

1,408 

694 

316 

353 

883 

1989  . 

15,121 

9,295 

248 

1,733 

1,529 

689 

325 

394 

907 

1990  . 

16,003 

9,639 

307 

1,968 

1,662 

737 

336 

424 

929 

1991  . 

15,238 

8,157 

381 

2,112 

1,975 

824 

400 

490 

900 

1992  (esf.)  .  .  . 

16,635 

8,791 

498 

2,362 

2,245 

885 

426 

526 

902 

1993  (est.)  .  .  . 

16,643 

8,277 

567 

2,646 

2,361 

899 

477 

482 

935 

HHS  =  Department  of  Health  and  Human  Services:  NASA  =  National  Aeronautics  and  Space  Administration;  USDA  =  Department  of  Agriculture 

NOTES:  Intramural  activities  cover  costs  associated  with  the  planning  and  administration  of  intramural  and  extramural  R&D  programs  by  federal  personnel 
and  actual  intramural  R&D  performance.  Data  includes  expenditures  for  activities  performed  by  the  reporting  agency  itself,  and'funds  that  the  agency 
transfers  to  another  federal  agency  for  performance  of  work  as  long  as  the  ultimate  performer  is  that  agency  or  any  federal  agency. 

SOURCES;  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation.  Federal  Funds  for  Research  and  Development,  Detailed  Historical 
Tables:  Fiscal  Years  J955-t990  (Washington.  DC:  NSF,  1990):  and  SRS,  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1991.  1992.  and 
f993  (Washington,  DC:  NSF,  1993). 
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Appendix  table  4-14. 

Federal  R&D  obligations  to  federally  funded  research  and  development  centers,  by  administering 
sector  and  selected  agency:  FYs  1980-93 

_ 

All  Other 

agencies  Defense  Energy  NASA  agencies 

- Millions  of  dollars - 

FFROCs  administered  by  universities  and  colleges 


1980  .  1,533  149  1,185  97  102 

1981  .  1,791  186  1,400  79  126 

1982  .  1,977  226  1,439  183  129 

1983  .  2,394  388  1,564  305  136 

1984  .  2,486  262  1,714  350  160 

1985  .  2,816  306  1,848  512  150 

1986  .  2,768  285  1,797  542  143 

1987  .  3,210  737  1,839  475  158 

1988  .  3,474  829  1,945  560  141 

1989  .  3,497  686  2,033  630  148 

1990  .  3,466  658  2,020  619  168 

1991  .  3,604  637  2,072  736  159 

1992  (est.) .  3,831  645  2,233  773  181 

1993  (est.) .  3,703  558  2,203  750  193 

FFROCs  administered  by  industry 

1980  .  1,408  92  1,166  0  150 

1981  .  1,414  105  1,155  0  154 

1982  .  1,506  148  1,194  0  164 

1983  .  1,501  129  1,218  0  154 

1984  .  1,608  110  1,365  0  134 

1985  .  1,791  125  1,549  0  117 

1986  .  1,697  146  1,455  0  96 

1987  .  1,860  325  1,475  0  61 

1988  .  1,911  316  1,536  0  60 

1989  .  1,960  309  1,588  0  63 

1990  .  2,238  419  1,718  0  100 

1991  .  2,068  316  1,690  0  62 

1992  (est.) .  2,178  313  1,788  0  77 

1993  (est.) .  2,142  305  1,759  0  78 

FFROCs  administered  by  nonprofit  institutions 

1980  .  442  iii  172  1  1? 

1981  .  525  319  184  1  22 

1982  .  521  385  114  0  21 

1983  .  581  466  92  0  22 

1984  .  597  473  104  0  19 

1985  .  689  551  118  1  19 

1986  .  551  436  102  1  13 

1987  .  511  400  96  1  14 

1988  .  506  397  91  1  16 

1989  .  522  391  107  3  20 

1990  .  632  416  157  2  57 

1991  .  679  442  186  2  49 

1992  (est.) .  713  449  208  2  55 

1993  (est.) .  721  447  216  2  56 


FFRDC  =  federally  funded  research  and  development  center:  NASA  =  National  Aeronautics  and  Space  Administration 

SOURCES:  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation,  Federal  Funds  for  Research  artd  Development, 
Detailed  Historical  Tables:  Fiscal  Years  1955-1990  (Washington,  DC:  NSF,  1990):  and  SRS,  Federal  Funds  for  Research  arxl  Development: 
Fiscal  Years  1991,  1992,  and  1993  (Washington,  DC:  NSF,  1993). 
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Appendix  table  4-18. 

Department  of  Defense  military  outlays,  by  subfunction:  1970-94 

_  Di^ibution  subfunction 

DOD  outlays'  Personnel  O&M  Procurement  RDT&E  Construction  Housing 


Percent  -  -  - 

1970  .  81,173  35.8  26.6  26.6  8.8  1.4  0.8 

1971  .  77,874  37.3  26.9  24.2  9.4  1.4  0.8 

1972  .  78,054  37.9  27.8  21.9  10.1  1.4  0.9 

1973  .  76,501  38.9  27.5  20.5  10.7  1.5  1.0 

1974  .  79,001  38.5  28.5  19.3  '0.9  1.8  1.1 

1975  .  85,953  37.4  30.6  18.7  i0.3  1.7  1.3 

1976  .  88,481  36.8  31.5  18.0  10.1  2.3  1.3 

1977  .  95,504  35.3  32.0  19,0  10.3  2.0  1.4 

1978  .  102,954  34.5  32.6  19,4  10.2  1.9  1.4 

1979  .  113,893  32.8  32.0  22.3  9.8  1.8  1.3 

1980  .  131,963  31.0  33.9  22.0  9.9  1.9  1.3 

1981  .  154,474  31.0  33.6  22.8  9.9  1.6  1.1 

1982  .  180,780  30.5  33.0  23.9  9.8  1.6  1.1 

1983  .  205,646  29.6  31.6  26.1  10.0  1.7  1,0 

1984  .  222,661  28.8  30.3  27.8  10.4  1.7  1.1 

1985  .  244,599  27.7  29.6  28.8  11.1  1.7  1.1 

1986  .  263,485  27.1  28.6  29.0  12.3  1.9  1.1 

1987  .  271,326  26.5  28.1  29.8  12.4  2.2  1.1 

1988  .  281,726  27.1  30.0  27.4  12.3  2.1  1.1 

1989  .  294,831  27.4  29.5  27.7  12.6  1.8  1.1 

1990  .  290,973  26.0  30.4  27.8  12.9  1.7  1.2 

1991  .  308,618  27.0  33.0  26.S  11.2  1.1  1.1 

1992  .  290,259  28.0  31.7  25.8  11.9  1.5  1.1 

1993  .  281,692  27.0  32.3  24.3  13.3  1.9  1.2 

1994  .  268,624  26,1  33.2  23.1  14.2  2.0  1.4 


DOO  =  Department  of  Defense;  O&M  =  operations  and  maintenance;  RDT&E  =  research,  development,  test,  and  evaluation 

NOTES:  Outlays  exclude  expenditures  by  the  Army  Corps  of  Engineers.  Total  DOD  outlays  and  subfunction  shares  include  only  the  categories  listed  here;  they 
exclude  adjustments  reported  in  an  undefined  "other"  category. 

'DOD  outlays  are  in  millions  of  current  dollars. 

SOURCE:  Office  of  Management  and  Budget.  Budget  of  the  United  States  Government  (Washington,  DC.  Government  Printing  Office,  annual  series). 

See  figure  4-18.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  4-19. 

Department  of  Defense  funds  for  research,  development,  test,  and  evaluation,  by  mission  category:  FYs  1972-94 


DOD 

RDT&E 

total 

Technology 

base 

Advanced 

technology 

development 

Strategic 

programs 

Tactical 

programs 

Intelligence  & 
communications 

Detensewide 

mission 

support 

1972 . 

.  7,945 

1,462 

238 

Millions  of  dollars 
1.581 

3,019 

493 

1,152 

1973 . 

.  8,001 

1,376 

160 

1,896 

2,936 

528 

1,104 

1974 . 

.  8,009 

1.353 

200 

1,882 

2.811 

665 

1,097 

1975 . 

.  8,572 

1,371 

300 

2,143 

2.92? 

643 

1.192 

1976 . 

.  9,212 

1,487 

557 

2,222 

2,895 

887 

1,164 

1977 . 

.  10,522 

1,682 

537 

2,333 

3,848 

830 

1,293 

1978 . 

.  11,117 

1  799 

502 

2,329 

4,644 

559 

1,284 

1979 . 

.  12.210 

2,010 

525 

2,139 

5,088 

759 

1.689 

1980 . 

.  13.345 

2,265 

604 

2,165 

5,233 

1,152 

1,926 

1981 . 

.  16.472 

2.600 

593 

3.440 

6,130 

1,632 

2,077 

1982 . 

.  19,897 

2,933 

751 

4,636 

6,890 

2,160 

2,527 

1983 . 

.  22,647 

3,238 

823 

5.825 

7,255 

2,709 

2,797 

1984 . 

.  26,601 

3,055 

1,352 

7,878 

7,929 

3,406 

2,981 

1985 . 

.  30,870 

3,121 

2,751 

8.169 

9,062 

3,953 

3,814 

1986 . 

.  33,676 

3,232 

4,067 

7,509 

10,266 

4,525 

4,077 

1987 . 

.  35,942 

3,237 

5,032 

7,703 

1 1 ,032 

4,702 

4.236 

1988 . 

.  37,027 

3,310 

5,356 

7,227 

1 1 .998 

4,885 

4.251 

1989 . 

.  37,506 

3,506 

5,837 

6,428 

12,989 

4,512 

4,234 

1990 . 

.  36,632 

3,345 

5,833 

5,192 

13,237 

4.791 

4,234 

1991 . 

.  34,871 

3,886 

5,298 

4,375 

12,611 

4,471 

4.230 

1992 . 

.  38,118 

4,105 

6,314 

4,240 

14,313 

4,921 

4.225 

1993 . 

.  38,176 

4,920 

4,053 

6,345 

14,131 

4,702 

4,025 

1994 . 

.  38,620 

4,376 

3,607 

4,776 

15,904 

5,113 

4,844 

— 

— 

Percentage  of  total 

— 

1972 . 

.  100.0 

18.4 

3.0 

19.9 

38.0 

6.2 

14.5 

1973 . 

.  100.0 

17.2 

2.0 

23,7 

36.7 

6.6 

13.8 

1974 . 

.  100.0 

16.9 

2.5 

23.5 

35.1 

8.3 

13.7 

1975 . 

.  100.0 

16.0 

3.5 

25.0 

34.1 

7,5 

13.9 

1976 . 

.  100.0 

16.1 

6.0 

24.1 

31.4 

9.6 

12.6 

1977 . 

.  100.0 

16.0 

5.1 

22.2 

36.6 

7.9 

12.3 

1978 . 

.  100.0 

16.2 

4.5 

20,9 

41,8 

5,0 

11.5 

1979 . 

.  100.0 

16.5 

4.3 

17.5 

41.7 

6.2 

13.8 

1980 . 

.  100.0 

17.0 

4,5 

16.2 

39,2 

8,6 

14.4 

1981 . 

.  100.0 

15.8 

3.6 

20.9 

37.2 

9.9 

12.6 

1982 . 

.  100.0 

14,7 

3.8 

23.3 

34.6 

10.9 

12.7 

1983 . 

.  100.0 

14.3 

3.6 

25.7 

32.0 

12.0 

12.4 

1984 . 

.  100.0 

11.5 

5.1 

29.6 

29.8 

12.8 

11,2 

1985 . 

.  100.0 

10.1 

8.9 

26.5 

29.4 

12.8 

12.4 

1986 . 

.  100.0 

9.6 

12.1 

22.3 

30.5 

13.4 

12.1 

1987 . 

.  100.0 

9.0 

14.0 

21.4 

30.7 

13.1 

11.8 

1988 . 

.  100.0 

8.9 

14.5 

19.5 

32.4 

13.2 

11.5 

1989 . 

.  100,0 

9.3 

15.6 

17.1 

34.6 

12.0 

11.3 

1990 . 

.  100.0 

9.1 

15.9 

14.2 

36.1 

13.1 

11.6 

1991 . 

.  100.0 

11.1 

15.2 

12.5 

36.2 

12.8 

12.1 

1992 . 

.  100.0 

10.8 

16.6 

11.1 

37.5 

12.9 

11.1 

1993 . 

.  100.0 

12.9 

10.6 

16.6 

37.0 

12.3 

10.5 

1994 . 

.  100.0 

11.3 

9.3 

12.4 

41.2 

13.2 

12.5 

DOD  =  Department  of  Defense;  RDT&E  =  research,  development,  test,  and  evaluation 
NOTE:  Data  are  DOD's  total  obligational  authority. 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation,  Federal  RSD  Funding  by  Budget  Function  (Washington,  DC:  NSF,  annua!  series):  and 
DOD.  RDT&E  Programs  (R-1)  (Washington.  DC:  DOD,  annual  series). 

See  figure  4-18. 
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Appendix  table  4-20. 

Federal  funding  of  academic  research,  by  mode  of  support  and  selected 
civilian  agency:  FYs  1980, 1983, 1986,  and  1989 


Agency 

1980 

1983 

1986 

1989 

Six  civilian  agencies . 

3,579 

Millions  of  dollars 

4,156  5,503 

7,261 

Individual  investigators . 

2,003 

2,384 

3,030 

3,677 

Research  teams . 

968 

1,018 

1,465 

2,218 

Research  centers . 

482 

575 

705 

920 

Major  facilities . 

126 

179 

291 

438 

Other  support . 

0 

0 

12 

9 

National  Institutes  of  Health . 

2,061 

2,437 

3,327 

4,445 

Individual  investigators . 

1,100 

1,395 

1,774 

2,171 

Research  teams . 

681 

738 

1,154 

1,752 

Research  centers . 

273 

299 

386 

484 

Major  facilities . 

7 

5 

13 

38 

National  Science  Foundation . 

719 

880 

1,163 

1,438 

Individual  investigators . 

512 

610 

768 

885 

Research  teams . 

68 

84 

123 

164 

Research  centers . 

21 

25 

51 

112 

Major  facilities . 

119 

162 

221 

277 

Department  of  Energy . 

337 

321 

422 

560 

Individual  investigators . 

137 

131 

192 

230 

Research  teams . 

160 

125 

109 

168 

Research  centers . 

41 

65 

78 

91 

Major  facilities . 

0 

0 

43 

72 

National  Aeronautics  &  Space  Admin.'  . 

173 

189 

244 

404 

Individual  investigators . 

115 

118 

143 

216 

Research  teams . 

57 

69 

77 

133 

Research  centers . 

0 

0 

7 

27 

Major  facilities . 

1 

2 

5 

19 

Other  support . 

0 

0 

12 

9 

Department  of  Agriculture . 

225 

282 

281 

356 

Individual  investigators . 

75 

90 

91 

129 

Research  teams . 

3 

3 

2 

2 

Research  centers . 

147 

180 

179 

193 

Major  facilities . 

0 

10 

9 

32 

Environmental  Protection  Agency . 

64 

45 

65 

59 

Individual  investigators . 

64 

40 

62 

47 

Research  teams . 

0 

0 

0 

0 

Research  centers . 

0 

5 

4 

12 

Major  facilities . 

0 

0 

0 

0 

'Totals  for  1980  are  1981  data. 

SOURCE:  Office  of  Science  and  Technology  Policy,  Trends  in  the  Structure  of  Federal  Science  Support 
report  of  the  Federal  Coordinating  Council  for  Science,  Engineering,  and  Technology  (Washington,  DC: 
Government  Printing  Office,  1992). 

See  figures  4-16  and  5-5. 
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Appendix  table  4-21 . 

Federal  budget  authority  proposed  for  FCCSET  research  initiatives,  by  agency  and  research  theme:  FY  1994 


Agency 

Total,  all  agencies . 

Dept,  of  Agriculture . 

Dept,  of  Commerce . 

Dept,  of  Defense . 

Dept,  of  Education . 

Dept,  of  Energy . 

Dept,  of  Health  &  Human  Services  .  . 

Dept,  of  the  Interior . 

Dept,  of  Transportation . 

Dept,  of  Veterans  Affairs . 

Agency  for  International  Development  ’ 
Environmental  Protection  Agency  .  .  . 
National  Aeronautics  &  Space  Admin 

National  Science  Foundation . 

Smithsonian  Institution' . 


Advanced  High-performance  Advanced  Science,  math, 

manufacturing  computing  &  U.S.  global  materials  &  engineering,  & 

technology  communications  change  processing  Biotechnology  tech.  ed. 


1,385 

1,000 

50 

0 

141 

14 

596 

385 

0 

2 

367 

124 

0 

47 

64 

0 

0 

0 

0 

0 

0 

0 

1 

12 

36 

111 

130 

305 

0 

0 

Millions  of  dollars 


1.476 

2.061 

48 

46 

70 

57 

7 

422 

0 

0 

98 

946 

2 

93 

34 

22 

0 

13 

0 

0 

0 

0 

27 

4 

1.013 

131 

170 

328 

7 

0 

4.298 

2.334 

191 

24 

14 

6 

94 

539 

0 

356 

245 

128 

3,369 

464 

6 

90 

0 

0 

72 

0 

31 

0 

20 

10 

40 

84 

216 

622 

0 

10 

FCCSET  =  Federal  Coordinating  Council  for  Science.  Engineering,  and  Technology 

'The  Agency  for  International  Development  and  the  Smithsonian  Institution  are  not  members  of  the  lull  FCCSET 

NOTE:  Funding  estimates  are  proposals  included  in  the  President  s  FY  1994  budget.  Precise  comparisons  between  FCCSET  initiatives  and  the  federal  R&D  support 
totals  are  difficult  because  the  definitions  for  the  two  sets  of  data  are  not  necessarily  identical  and  there  may  be  some  double  counting  for  closely  related  activities  that 
are  included  in  more  than  one  initiative. 

SOURCE;  Office  of  Management  and  Budget,  FCCSET  Initiatives  in  ttie  FY  1994  Budget  (Washington,  DC:  April  8.  1993). 

See  figure  4-1 7  .  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  4-23. 

Small  Business  Innovation  Research  awards,  by  award  type  and  agency;  FYs  1983-91 


Award  type  and  agency 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Cumulative 

1983-91 

Millions  of  current  dollars 

Total’ . 

45 

108 

199 

298 

351 

389 

432 

461 

483 

2,765 

By  type 

Phase  I  awards . 

45 

48 

69 

99 

110 

102 

108 

118 

128 

825 

Phase  II  awards . 

0 

60 

130 

199 

241 

285 

322 

342 

336 

1.915 

By  agency 

Dept,  of  Defense . 

20 

45 

78 

151 

194 

208 

233 

241 

241 

1.410 

Dept,  of  Health  &  Human  Services . 

7 

23 

45 

57 

67 

73 

79 

84 

93 

528 

National  Aeronautics  &  Space  Admin  .  . 

5 

13 

29 

36 

32 

47 

52 

62 

69 

346 

Dept,  of  Energy . 

5 

16 

26 

29 

28 

30 

33 

39 

39 

246 

National  Science  Foundation . 

5 

7 

10 

15 

17 

17 

19 

20 

22 

131 

Dept,  of  Agriculture . 

1 

2 

3 

4 

4 

4 

4 

4 

5 

29 

Dept,  of  Transportation . 

• 

2 

3 

4 

3 

3 

4 

4 

6 

29 

Environmental  Protection  Agency . 

• 

1 

2 

3 

3 

3 

3 

3 

4 

22 

Dept,  of  Education . 

• 

1 

1 

2 

2 

2 

2 

2 

3 

15 

Nuclear  Regulatory  Commission . 

• 

1 

1 

1 

1 

1 

1 

1 

• 

8 

Dept,  of  Commerce . 

0 

0 

0 

1 

2 

1 

1 

1 

1 

7 

Dept,  of  the  Interior . 

* 

1 

* 

0 

0 

0 

0 

0 

0 

1 

Total' . 

51 

119 

211 

307 

351 

376 

399 

409 

414 

2,637 

By  type 

Phase  I  awards . 

51 

53 

73 

101 

110 

98 

100 

105 

110 

801 

Phase  II  awards . 

0 

66 

138 

205 

241 

275 

297 

303 

288 

1.813 

By  agency 

Dept,  of  Defense . 

23 

49 

83 

155 

194 

201 

216 

213 

206 

1.340 

Dept,  of  Health  &  Human  Services  . . .  . 

8 

26 

48 

58 

67 

70 

73 

75 

80 

505 

National  Aeronautics  &  Space  Admin  .  . 

6 

15 

31 

37 

32 

46 

48 

55 

59 

329 

Dept,  of  Energy . 

6 

18 

27 

30 

28 

29 

31 

35 

33 

237 

National  Science  Foundation . 

6 

8 

10 

15 

17 

17 

17 

17 

19 

126 

Dept,  of  Agriculture . 

1 

2 

3 

4 

4 

4 

4 

4 

4 

30 

Dept,  of  Transportation . 

* 

2 

3 

4 

3 

3 

3 

4 

5 

27 

Environmental  Protection  Agency . 

• 

1 

2 

3 

3 

3 

3 

3 

3 

21 

Dept,  of  Education . 

* 

1 

1 

2 

2 

2 

2 

2 

2 

14 

Nuclear  Regulatory  Commission . 

• 

1 

1 

1 

1 

0 

1 

1 

* 

6 

Dept,  of  Commerce . 

0 

0 

0 

1 

2 

1 

1 

1 

1 

7 

Dept,  of  the  Interior . 

• 

1 

* 

0 

0 

0 

0 

0 

0 

1 

■  =  less  than  $500,000 

'Totals  are  Small  Business  Innovation  Research  award  obligations  that  include  award  modifications.  The  details  by  award  type  and  agency  do  not  necessarily  contain 
subsequent  year  revisions  and  may  not  add  to  totals. 

^See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCE:  Small  Business  Administration,  Small  Business  Innovation  Devetopmenf  Acf  (Washington,  DC:  SBA.  annual  series). 
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Appendix  table  4-24. 

Small  Business  Innovation  Research  awards,  by  technology  area  and  selected  agency:  FYs  1983-91  (cumulative) 


Technology  area 

Total 

DOD 

HHS 

NASA 

DOE 

NSF 

Other^ 

Total  (1983-91) 

too 

100 

100 

Percent 

100 

100 

100 

100 

Computer,  information  processing,  analysis  .  . 

21 

26 

15 

25 

9 

18 

19 

Electronics . 

21 

29 

8 

20 

18 

17 

11 

Materials . 

16 

18 

6 

16 

24 

26 

14 

Mechanical  performance  of 
vehicles,  weapons,  facilities . 

6 

8 

1 

12 

3 

4 

4 

Energy  conservation  and  use . 

12 

10 

3 

15 

30 

10 

6 

Environment  &  natural  resources . 

7 

5 

4 

7 

11 

12 

20 

Life  sciences . 

16 

4 

65 

4 

4 

13 

26 

Award  value  (1983-91) 

Assigned  to  (multiple)  technology  areas  .  .  . 

.  4.244 

1,990 

758 

Millions  of  dollars 

610 

482 

206 

198 

Actual  phase  1  and  II  award  value . 

.  2,765 

1.410 

528 

346 

246 

131 

111 

DOD  =  Department  of  Defense;  DOE  =  Department  of  Energy:  HHS  =  Department  of  Health  and  Human  Services;  NASA  =  National  Aeronautics  and  Space 
Administration;  NSF  =  National  Science  Foundation 

'Distributions  are  based  on  the  cumulative  1983-91  value  of  awards,  not  on  the  number  of  awards  granted  Within  each  of  the  broad  technology  areas  listed.  Small 
Business  Innovation  Research  awards  are  assigned  to  more  specific  technology  areas,  including  multiple  technology  areas.  Therefore,  the  percentage  distributions 
include  overcounting  of  awards  assigned  to  multiple  technology  areas. 

‘Includes  the  Departments  of  Agriculture.  Commerce.  Education,  and  Transportation:  the  Environmental  Protection  Agency;  and  the  Nuclear  Regulatory  Commission 
SOURCE:  Small  Business  Administration.  Small  Business  Innovation  Devetopmertf  Acf  (Washington.  DC:  SBA.  1992). 

See  figure  4-22.  Science  S  Engineering  Indicators  -  1993 


Appendix  table  4-25. 

Budgetary  impact  of  the  federal  research  and  experimentation  tax  credit:  FYs  1981-94 


Cost  of  R&E  credit' 

Outlay  Revenue 

equivalent  loss 

(a)  (b) 

Total 

federal 

R&D 

outlays 

(c) 

Ratio 
of  credit 
outlays 
to  R&D 
(a)/{c) 

Cost  of  R&E  credit 

Total 

federal 

R&D 

outlays 

Outlay 

equivalent 

Revenue 

loss 

Millions  of  current  dollars 

Percent 

Millions  of  constant  1987  dollars^ 

1981 . 

.  205 

15 

32,459 

0.63 

263 

19 

41,721 

1982 . 

.  640 

415 

34,391 

1.86 

766 

496 

41,138 

1983 . 

.  1,010 

615 

36.659 

2.76 

1,161 

707 

42.137 

1984 . 

.  3,360 

1,380 

39,691 

8.47 

3.696 

1,518 

43,664 

1985 . 

.  2,430 

1,665 

44.171 

5.50 

2.577 

1.766 

46,841 

1986 . 

.  2,295 

680 

50.609 

4.53 

2.364 

700 

52,120 

1987 . 

.  2.715 

1,865 

51.612 

5.26 

2,715 

1,865 

51,612 

1988 . 

.  1 .240 

900 

54.739 

2.27 

1,197 

869 

52,837 

1989 . 

.  1,590 

1,145 

59.450 

2,67 

1,470 

1,058 

54,945 

1990 . 

.  1,625 

1.115 

62.247 

2.61 

1,442 

989 

55,232 

1991 . 

.  1 ,070 

725 

61.130 

1,75 

916 

621 

52,337 

1992 . 

.  1 .850 

1,215 

64.642 

2.86 

1,540 

1,012 

53,823 

1993 . 

.  775 

520 

68.576 

1.13 

630 

423 

55,753 

1994 . 

.  325 

215 

70.335 

0.46 

258 

171 

55,821 

R&E  =  research  and  experimentation 

NOTES:  Tax  expenditure  estimates  are  prepared  by  the  Treasury  Department  based  on  income  tax  law  enacted  as  of  December  31st  of  the  year  for  which  the 
expenditures  are  reported  Expenditures  for  the  years  1992-94  are  estimated  based  on  income  tax  law  enacted  as  of  December  31.  1992.  Legislation  authorizing  the 
R&E  credit  expired  on  June  30.  1992. 

'  Outlay  equivalent"  estimates  are  comparable  to  taxable  outlay  figures  reported  in  the  budget.  This  allows  a  comparison  of  the  resource  cost  of  the  tax  credit  with  the 
cost  of  direct  federal  R&D  expenditure  support  The  "revenue  loss  '  estimates  are  net  of  taxes 

^See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1 987  dollars. 

SOURCE:  Office  of  Management  and  Budget.  Budget  of  the  United  States  Government  (Washington.  DC:  Government  Printing  Office,  annual  series). 
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Federal  R&D  funding,  by  budget  function:  FYs  1980-94 
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Appendix  table  4-28. 

National  support  for  health  R&D,  by  performer  and  source  of  funds:  1980-92 


1991  1992 

1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  (est)  (est.) 

-  -  -  —  -  Millions  of  current  dollars 

Source  of  funds 


Government .  5,203  5,413  5,612  6,117  6,887  7,675  7,929  9,037  9,725  10.634  11,422  12,413  13,424 

Federal .  4,723  4,848  4.970  5,399  6,087  6,791  6.895  7,847  8.425  9,163  9,791  10,711  11,596 

Nat  l  Institutes  of  Health _  3,182  3,333  3,433  3,789  4,257  4,828  5,005  5,852  6,292  6,778  7,136  7,711  8,423 

State  and  local .  480  564  642  718  800  884  1,034  1,191  1,300  1,471  1,632  1,702  1,827 

Industry .  2,459  2,998  3,593  4,205  4.765  5,352  6,188  7,103  8,432  9,404  10,634  12,020  13,505 

Private  nonprofit .  305  328  390  456  507  538  782  800  854  939  1,020  1,128  1,196 

Howard  Hughes’ .  18  20  25  54  79  51  247  183  179  197  215  250  281 


Performer 


Government .  1,487  1,575  1,669  1,813  1,997  2,140  2,155  2,389  2,590  2,578  2,861  3,300  3,568 

Federal .  1,284  1,364  1,448  1,577  1,741  1,869  1,848  2,042  2,213  2,161  2.403  2,816  3,049 

State  and  local .  203  211  221  236  256  271  307  347  377  417  458  484  520 

Industry^ .  2,249  2,659  3,161  3,668  4,216  4,660  5,293  6,002  6,927  7,901  8,817  9,578  11,006 

Higher  education^ .  3,005  3,211  3,388  3,779  4.274  4,745  5,320  5,056  6,593  7,238  7,744  8,467  9,173 

Private  nonprofit^ .  726  751  785  887  976  1,115  1,157  1,352  1,455  1,798  1,886  1,931  2,087 

Foreign .  499  543  593  631  697  805  975  1,140  1,446  1,462  1,769  2,078  2,291 


Biomedical  R&D  price  index’" .  0.649  0.713  0.774  0.819  0.867  0.911  0.949  1.000  1.050  1.106  1.166  1.224  1.284 


- Millions  of  constant  1987  dollars - - -  - 

Total .  12,276  12,255  12,397  13,160  14,024  14,890  15,701  16,940  18,106  18,967  19,791  20,882  21,904 


Source  of  funds 


Government .  8,017  7,591  7,251  7,469  7,943  8,424  8,355  9,037  9,262  9.615  9,796  10,141  10,455 

Federal .  7,277  6,800  6,421  6,593  7.021  7,454  7,266  7,847  8,024  8,285  6,397  8,751  9,031 

Nat’l  Institutes  Of  Health _  4,903  4,675  4,435  4,626  4,910  5,300  5,274  5,852  5,992  6,128  6.120  6,300  6,560 

State  and  local .  740  791  829  877  923  970  1,090  1,191  1,238  1,330  1,400  1.391  1,423 

Industry .  3,788  4,205  4,642  5,134  5,496  5,875  6,521  7.103  8,030  8,503  9,120  9,820  10.518 

Private  nonprofit .  470  460  504  557  585  591  824  800  813  849  875  922  931 

Howard  Hughes' .  8  28  32  66  91  56  260  183  170  178  184  204  219 


Performer 


Government .  2,292  2,208  2,156  2,214  2,303  2,349  2.271  2,389  2,467  2,331  2,454  2,696  2,779 

Federal .  1,979  1,912  1,871  1,925  2.008  2,052  1,947  2,042  2,108  1,954  2,061  2,301  2,375 

State  and  local .  313  296  286  288  295  297  323  347  359  377  393  395  405 

Industry .  3,466  3,729  4,084  4,479  4,863  5,115  5,577  6,002  6,597  7,144  7,562  7,825  8,572 

Higher  education .  4,630  4,504  4,377  4,614  4,930  5,209  5,606  5,056  6,279  6,544  6,642  6,917  7,144 

Private  nonprofit .  1,119  1,053  1,014  1,083  1,126  1,224  1,219  1,352  1,386  1,626  1,617  1,578  1,625 

Foreign .  768  762  766  770  804  884  1,027  1,140  1,377  1,322  1,517  1,698  1,784 


'For  Howard  Hughes  Medical  Institute,  figures  are  lor  the  direct  conduct  of  biomedical  research,  and  exclude  support  for  scientific  career  development.  Figures  for 
1985  include  only  8  months  of  operations  because  of  change  in  fiscal  year. 

^Includes  expenditures  for  federally  funded  research  and  development  centers  administered  by  organizations  in  the  respective  sectors. 

"The  biomedical  R&D  price  index  used  here  differs  from  the  GDP  implicit  price  deflator  detailed  in  appendix  table  4-1 . 

SOURCE:  National  Institutes  of  Health,  Department  of  Health  and  Human  Services,  NIH  Data  Book  (Bethesda,  MD:  NIH,  annual  series). 

See  figure  4-1 1 .  Science  &  Engineering  Indicators  -  1993 
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Appendix  table  4-29. 

Indicators  of  technology  transfer  from  federal  laboratories:  1987-91 

(page  1  of  2) 


Agency 

1987 

1988 

1989 

1990 

1991 

Number  of  active  cooperative  R&D  agreements 

Total,  all  agencies . 

.  108 

194 

403 

607 

975 

Dept,  of  Agriculture . 

.  9 

51 

98 

128 

177 

Dept,  of  Commerce . 

.  0 

9 

44 

82 

115 

Dept,  of  Defense 

Air  Force . 

.  0 

2 

7 

13 

26 

Army . 

.  2 

9 

32 

80 

115 

Navy . 

.  0 

0 

2 

20 

52 

Dept,  of  Energy . 

.  0 

0 

0 

1 

43 

Environmental  Protection  Agency  .  .  .  . 

.  0 

0 

2 

11 

31 

Dept,  of  Health  and  Human  Services. . 

.  22 

28 

89 

110 

144 

Dept,  of  the  Interior . 

.  0 

0 

1 

12 

11 

National  Aeronautics  &  Space  Admin.' 

.  75 

95 

127 

147 

244 

Dept,  of  Transportation . 

.  0 

0 

0 

1 

9 

Dept,  of  Veterans  Affairs . 

.  0 

0 

1 

2 

8 

Number  of  Inventions  disclosed 

Total,  all  agencies . 

.  2,662 

3,047 

3,168 

3,772 

4,213 

Dept,  of  Agriculture . 

.  83 

144 

127 

158 

127 

Dept,  of  Commerce . 

.  43 

31 

49 

46 

30 

Dept,  of  Defense 

Air  Force . 

.  83 

90 

169 

160 

102 

Army . 

.  248 

348 

276 

376 

463 

Navy . 

.  622 

709 

708 

847 

959 

Dept,  of  Energy . 

.  857 

1,003 

1,053 

1,335 

1,666 

Environmental  Protection  Agency . . . . 

.  0 

0 

0 

12 

20 

Dept,  of  Health  and  Human  Services.  . 

.  194 

226 

209 

215 

215 

Dept,  of  the  Interior . 

.  3 

6 

3 

26 

26 

National  Aeronautics  &  Space  Admin. . 

.  496 

462 

532 

538 

570 

Dept,  of  Transportation . 

.  0 

0 

0 

1 

2 

Dept,  of  Veterans  Affairs . 

.  33 

28 

42 

58 

33 

Number  of  patent  applications 

Total,  all  agencies . 

.  848 

1,131 

1,462 

1,669 

1,936 

Dept,  of  Agriculture . 

.  44 

50 

71 

76 

110 

Dept,  of  Commerce . 

.  8 

15 

28 

28 

18 

Dept,  of  Defense 

Air  Force . 

.  49 

47 

122 

145 

178 

Army . 

.  177 

203 

216 

236 

274 

Navy . 

.  117 

197 

278 

426 

467 

Dept,  of  Energy . 

.  252 

336 

382 

366 

397 

Environmental  Protection  Agency . .  .  . 

.  4 

5 

5 

6 

8 

Dept,  of  Health  and  Human  Services. . 

.  98 

145 

225 

239 

261 

Dept,  of  the  Interior . 

.  5 

4 

11 

15 

21 

National  Aeronautics  &  Space  Admin. . 

.  94 

129 

121 

123 

201 

Dept,  of  Transportation . 

.  0 

0 

0 

1 

1 

Dept,  of  Veterans  Affairs . 

.  NA 

NA 

3 

8 

NA 

(continued) 
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Appendix  table  4-29. 

Indicators  of  technology  transfer  from  federal  laboratories:  1987-91 

(page  2  of  2) 


Agency 

1987 

1988 

1989 

1990 

1991 

Number  of  licenses  granted 

Total,  all  agencies . 

128 

125 

157 

193 

261 

Exclusive . 

53 

60 

76 

83 

100 

Nonexclusive . 

75 

65 

81 

110 

161 

Dept,  of  Agriculture . 

30 

24 

23 

33 

29 

Dept,  of  Commerce . 

0 

0 

1 

0 

2 

Dept,  of  Defense 

Air  Force . 

1 

2 

2 

4 

1 

Army . 

3 

2 

2 

3 

9 

Navy . 

6 

2 

10 

8 

15 

Dept,  of  Energy . 

37 

43 

57 

88 

125 

Environmental  Protection  Agency . 

0 

0 

0 

1 

2 

Dept,  of  Health  and  Human  Services . 

35 

42 

48 

47 

69 

Dept,  of  the  Interior . 

3 

3 

7 

3 

5 

National  Aeronautics  &  Space  Admin . 

13 

7 

7 

6 

4 

NA  =  not  available 

'Cooperative  agreements  made  by  National  Aeronautics  and  Space  Administration  labs  are  made  under  the  authority  of  the  1958  Space  Act 

SOURCE:  Office  of  Technology  Commercialization.  Department  of  Commerce.  Technology  Transfer  Under  the  Stevenson-Wydier  Technology 
Innovation  Act:  The  Second  Biennial  Report  (Washington,  DC:  DOC,  January  1993) 

See  figure  4-24  Science  &  Engineering  Indicators  -1993 
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SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation.  Research  and  Development  in  Industry  t99t  (Washington.  DC:  NSF,  forthcoming) 
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Appendix  table  4-35. 

Internat'onal  R&D  expenditures  and  R&D  as  a  percentage  of  GDP:  1970-91 


R&D  expenditures' 

R&D  expenditures  as  a  percentage  of  GDP 

United 

States 

Japan 

United 

Germany  France  Kingdom 

Italy 

Canada 

United 

States 

Japan  Germany' 

United 
'  France  Kingdom 

Italy 

Canada 

Billions  of  constant  1987  dollars 

— 

- — 

Percent  - 

- - 

— 

1970 . 

74.2 

16.0 

13.8 

10.1 

NA 

3.9 

2.7 

2,6 

1.8 

2.1 

1.9 

NA 

0.8 

1.2 

1971 . 

71.9 

17.1 

15.2 

10.5 

NA 

4.1 

3.1 

2.4 

1.9 

2.2 

1.9 

NA 

0.9 

1.3 

1972 . 

73.4 

18.9 

15.9 

10.7 

11.6 

4.3 

3.2 

2.4 

1.9 

2.2 

1.9 

2.1 

0.9 

1.2 

1973 . 

74.4 

20.7 

15.8 

10.7 

NA 

4.3 

3.1 

2.3 

2.0 

2.1 

1.8 

NA 

0,8 

1.1 

1974 . 

73.2 

21.2 

16.2 

11.2 

NA 

4.2 

3.1 

2.3 

2.0 

2.1 

1.8 

NA 

0.8 

1,1 

1975 . 

71,6 

21.6 

16.7 

11,3 

12,2 

4.6 

3.2 

2.2 

2.1 

2.2 

1.8 

2.0 

0.8 

1.1 

1976 . 

74.6 

22.4 

17.0 

11.5 

NA 

4.5 

3.2 

2.2 

2.0 

2.2 

1.8 

NA 

0.8 

1.0 

1977 . 

76.5 

23.1 

17.4 

11.8 

NA 

4.7 

3.4 

2.2 

2.0 

2.2 

1.7 

NA 

0.8 

1.1 

1978 . 

79.8 

24.2 

18.7 

12.1 

13.5 

4.6 

3.6 

2.2 

2.0 

2.3 

1.7 

2.1 

0.7 

1.1 

1979 . 

83.8 

26.8 

20.5 

12.9 

NA 

4.9 

3.8 

2.2 

2.1 

2.4 

1.8 

NA 

0,7 

1.1 

1980 . 

87.3 

29.3 

21.4 

13.3 

NA 

5.1 

4.0 

2.3 

2.2 

2.4 

1.8 

NA 

0.7 

1.1 

1981 . 

91.1 

32.0 

21.1 

14.6 

15.4 

6.0 

4.5 

2.4 

2.3 

2.4 

2.0 

2.4 

0.9 

1.2 

1982 . 

95.5 

34.4 

21.8 

15.6 

NA 

6.2 

4.9 

2.5 

2.4 

2.5 

2.1 

NA 

0.9 

1.4 

1983 . 

102.2 

37.1 

21.9 

16.0 

15.0 

6.6 

4.9 

2.6 

2.5 

2.5 

2.1 

2.2 

1.0 

1,4 

1984 . 

111.1 

39.6 

22.4 

16.8 

NA 

7.1 

5.3 

2.7 

2.6 

2.5 

2.2 

NA 

1.0 

1.4 

1985 . 

120.6 

43.5 

24.4 

17.3 

15.8 

8.1 

5.7 

2.8 

2.7 

2.7 

2.3 

2.3 

1.1 

1.4 

1986 . 

123.4 

43.9 

24.9 

17.5 

16.8 

8.3 

6.0 

2.8 

2.7 

2.7 

2.2 

2.3 

1.1 

1.5 

1987 . 

125.4 

46.9 

26.5 

18.1 

16.9 

9.0 

6.0 

2.8 

2.8 

2.9 

2.3 

2.2 

1.2 

1.4 

1988 . 

128.7 

50.2 

27.2 

18.8 

17.4 

9.5 

6.1 

2.7 

2.9 

2.9 

2.3 

2.2 

1.2 

1.4 

1989 . 

129.7 

54.5 

28.2 

19.9 

18.0 

10.0 

6.1 

2.7 

3.0 

2.9 

2.3 

2.2 

1.2 

1.4 

1990 . 

129.4 

59.1 

28.0 

21.1 

17.6 

10.6 

6.4 

2.7 

3.1 

2.7 

2.4 

2.2 

1.3 

1,4 

1991 . 

123.4 

60.7 

29.6 

21.3 

16.3 

11.4 

6.4 

2.6 

3.0 

2.8 

2.4 

2.1 

1.4 

1.4 

NA  -  Not  available 


'Conversions  of  foreign  currencies  to  U.S.  dollars  are  calculated  with  Organisation  lor  Economic  Co-operation  and  Development  purchasing  power  parity  exchange 
rates.  (See  appendix  table  4-2.)  Constant  1987  dollars  are  based  on  the  U.S.  Department  of  Commerce  calendar  year  GDP  implicit  price  deflators  (See  appendix 
table  4-1 .) 

^German  data  are  lor  the  former  West  Germany  only.  The  R&D/GDP  ratio  for  the  unified  Germany  was  2.6  percent  in  1 991 . 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation  International  Science  and  Technology  Update  (Washington,  DC:  NSF.  periodic  series); 
Organisation  for  Economic  Co-operation  and  Development  Main  Science  and  Technology  Indicators  database:  and  national  sources. 

See  figure  4-7  Science  &  Engineering  Indicators  - 1993 
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Appendix  table  4-36. 

International  nondefense  R&D  expenditures  and  nondefense  R&D  as  a  percentage  of  GDP:  1970-91 


Nondefense  R&D  expenditures'  Nondefense  R&D  expenditures  as  a  percentage  of  GDP 


United 

States 

Japan 

Germany^ 

United 
France  Kingdom 

Italy 

Canada 

United 

States 

Japan  Germany^ 

United 
France  Kingdom 

Italy 

Canada 

Billions  of  constant  1987  dollars 

Percent 

1970 . 

51.6 

NA 

12.6 

NA 

NA 

3.9 

NA 

1.8 

NA 

1.9 

NA 

NA 

0.8 

NA 

1971 . 

50.0 

16.9 

14.1 

8.0 

NA 

4.0 

2.9 

1.7 

1.9 

2.0 

1.4 

NA 

0.8 

1.2 

1972 . 

50.4 

18.7 

15.0 

8.4 

8.5 

4.2 

3.1 

1.6 

1.9 

2.1 

1.5 

1.5 

0.8 

1.2 

1973 . 

52,6 

20.5 

14.7 

8,4 

NA 

4.2 

3.0 

1.6 

2.0 

1.9 

1.4 

NA 

0.8 

1.1 

1974 . 

53.1 

21.0 

15.1 

8.9 

NA 

4.1 

3.0 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

1.1 

1975 . 

51.9 

21.5 

15.7 

9,1 

8.5 

4.6 

3.1 

1.6 

2.1 

2,1 

1.4 

1.4 

0.8 

1.1 

1976 . 

54.7 

22.3 

15.9 

9.4 

NA 

4.4 

3.1 

1.6 

2.0 

2.0 

1.4 

NA 

0.8 

1.0 

1977 . 

55.3 

23,0 

16.4 

9.6 

NA 

4.7 

3.3 

1.6 

2.0 

2,0 

1.4 

NA 

0.8 

1.0 

1978 . 

58.4 

24.1 

17,6 

9.7 

9.6 

4.5 

3.5 

1.6 

2.0 

2.1 

1.4 

1.5 

0.7 

1.0 

1979 . 

62.7 

26.6 

19.3 

10.1 

NA 

4.8 

3.7 

1.7 

2.1 

2.2 

1.4 

NA 

0.7 

1.1 

1980 . 

66.5 

29.1 

20.4 

10.3 

NA 

5.1 

3.9 

1.8 

2.2 

2.3 

1.4 

NA 

0.7 

1.1 

1981 . 

67.8 

31.8 

20.2 

10.9 

11.4 

5.8 

4.4 

1.8 

2.3 

2.3 

1.5 

1.8 

0.8 

1.2 

1982 . 

69.2 

34.3 

20.9 

12.0 

NA 

6.1 

4.7 

1.8 

2.4 

2.4 

1.6 

NA 

0.9 

1.3 

1983 . 

73,6 

36.9 

21.0 

12.6 

11.1 

6.4 

4.8 

1,9 

2.5 

2,4 

1.7 

1.7 

0.9 

1.3 

1984 . 

79.0 

39.4 

21.4 

13.3 

NA 

6.8 

5.1 

1.9 

2.6 

2.4 

1.7 

NA 

1.0 

1.3 

1985 . 

84.9 

43.2 

23.2 

13.7 

11.8 

7.6 

5.5 

2.0 

2.8 

2.6 

1.8 

1.7 

1.1 

1.4 

1986 . 

85.2 

43.6 

23.6 

13.7 

13.0 

7.9 

5.8 

1.9 

2.7 

2,6 

1.8 

1.8 

1.1 

1.4 

1987 . 

86.2 

46.6 

25.2 

14.2 

13.3 

8.6 

5.8 

1.9 

2.8 

2.7 

1.8 

1.8 

1.1 

1,4 

1988 . 

90.1 

49.8 

26.0 

14.6 

14.1 

8.9 

5.9 

1.9 

2.8 

2.7 

1.8 

1.8 

1,1 

1.3 

1989 . 

92.3 

54,1 

26.8 

15.6 

14.4 

9.3 

5.9 

1.9 

3.0 

2.7 

1.8 

1.8 

1.2 

1.3 

1990 . 

94.1 

58.6 

26.6 

16.1 

14.5 

10.2 

6.2 

1.9 

3.0 

2.6 

1.9 

1.8 

1.3 

1.4 

1991 . 

90.0 

60.2 

28.3 

16.6 

13.2 

10.9 

6.2 

1.9 

3.0 

2.7 

1.9 

1.7 

13 

1.4 

NA  s:  Not  available 


'Nondefense  R8D  expenditures  are  total  R&D  expenditures — generally  as  reported  by  the  R&D  performers  (see  appendix  table  4-35) — minus  goverment  R&D  funds 
for  defense  purposes  (see  appendix  table  4-39)— generally  taken  from  national  budget  documents;  that  is,  as  reported  by  the  R&D  funders.  Conversions  of  foreign 
currencies  to  U.S  dollars  are  calculated  with  Organisation  for  Economic  Co-operation  and  Development  purchasing  power  parity  exchange  rates.  (See  appendix  table 
4-2.)  Constant  1987  dollars  are  based  on  the  U.S.  Department  of  Commerce  calendar  year  GDP  Implicit  price  deflators.  (See  appendix  table  4-1 .) 

^German  data  are  for  the  former  West  Germany  only. 

SOURCES:  Science  Resources  Studies  Division.  National  Science  Foundation,  International  Science  and  Technology  Updale  (Washington.  DC:  NSF.  periodic  series); 
Organisation  for  Economic  Co-operation  and  Development  Main  Science  and  Technology  Indicators  database:  and  national  sources. 

See  figures  4-7  and  4-8.  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  4-37. 

International  R&D  expenditures,  by  performing  sector  and  source  of  funds:  1991 


Sources  of  R&D  funds 


R&D  performer 

Total 

Industry 

Government 

Higher 

education 

Private 

nonprofit 

Foreign 

distribution. 

performers 

Japan  (in  billions  of  current  yen) 

Total . 

13,769 

10,005 

2,546 

1,116 

91 

12 

100.0% 

Industry . 

9,743 

9,589 

134 

0 

10 

10 

70.8 

Government . 

1,047 

23 

1.023 

0 

0 

0 

7.6 

Higher  education . 

2,406 

55 

1,233 

1,115 

3 

0 

17,5 

Private  nonprofit . 

573 

338 

156 

0 

78 

2 

4.2 

Percent  distribution,  sources .  . 

100.0% 

72.7% 

18.5% 

8.1% 

0.7% 

0.1% 

Germany  (in  millions  of  current  deutsche  marks) 

Total . 

72,840 

43,640 

27,070 

0 

400 

1,730 

100.0% 

Industry . 

49,850 

42.580 

5,510 

— 

160 

1,600 

68.4 

Government . 

11,100 

100 

10,710 

— 

170 

120 

15.2 

Higher  education . 

1 1 ,560 

900 

10,660 

— 

— 

— 

15.9 

Private  nonprofit . 

330 

60 

190 

— 

70 

10 

0.5 

Percent  distribution,  sources.  . 

100,0% 

59.9% 

37.2% 

0.0% 

0.5% 

2.4% 

France  (in  millions  of  current  francs)' 

Total . 

157,203 

68,390 

75,864 

437 

668 

11,844 

100.0% 

Industry . 

94,997 

65,631 

18,765 

9 

32 

10,560 

60.4 

Government . 

38,006 

1,430 

35,372 

46 

29 

1,129 

24.2 

Higher  education . 

22,905 

1,112 

21,281 

359 

18 

135 

14.6 

Private  nonprofit . 

1,295 

217 

446 

23 

589 

20 

0.8 

Percent  distribution,  sources . . 

100.0% 

43,5% 

48.3% 

0.3% 

0.4% 

7.5% 

United  Kingdom  (in  millions  of  current  pounds) 

Total . 

1 1 ,940 

5,980 

4,120 

90 

360 

1,390 

100,0% 

Industry . 

7,770 

5,390 

1,140 

— 

_ 

1,240 

65.1 

Government . 

1,640 

190 

1,360 

— 

60 

30 

13.7 

Higher  education . 

1,940 

160 

1,380 

90 

210 

100 

16.2 

Private  nonprofit . 

590 

240 

240 

— 

90 

20 

4.9 

Percent  distribution,  sources .  . 

100.0% 

50.1% 

34.5% 

0.8% 

3.0% 

1 1 .6% 

Italy  (in  billions  of  current  lire) 

Total . 

19.659 

8,794 

10,227 

0 

0 

638 

100.0% 

Industry . 

10,968 

8,614 

1,792 

— 

— 

562 

55.8 

Government . 

4.791 

87 

4,665 

— 

— 

39 

24.4 

Higher  education . 

3,900 

93 

3,770 

— 

37 

19.8 

Private  nonprofit . 

— 

— 

— 

— 

— 

— 

0.0 

Percent  distribution,  sources .... 

100.0% 

44.7% 

52.0% 

0.0% 

0.0% 

3.2% 

Canada  (in  millions  of  current  dollars) 

Total . 

9,737 

3,994 

4,347 

199 

250 

947 

100.0% 

Industry . 

5,184 

3,795 

471 

— 

— 

918 

53.2 

Government . 

1,915 

29 

1,879 

— 

— 

7 

19.7 

Higher  education . 

2,527 

158 

1,955 

199 

202 

13 

26.0 

Private  nonprofit . 

111 

12 

42 

— 

48 

9 

1.1 

Percent  distribution,  sources .  . 

100.0% 

41.0% 

44.6% 

2.0% 

2.6% 

9.7% 

'Data  for  Frat,^,  are  for  1990. 

SOURCE:  Organisation  for  Economic  Co-operation  and  Development,  unpublished  tabulations. 
See  figure  4-5 
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Appendix  table  4-38. 

R&D  expenditures  in  the  United  States,  by  performing  sector  and  domestic  and  foreign  source  of  funds: 
1980, 1987,  and  1990 


R&D  performer 

Total 

Sources  of  R&O  funds 

Percent 

distribution, 

performers 

Industry 

Government 

Higher 

education 

Private 

nonprofit 

Foreign 

- - 

. . . 

Millions  of  dollars  - 

Total  1980  expenditures . 

.  62,610 

29,395 

29,461 

1,334 

903 

1.517 

100.0% 

Industry . 

.  44,505 

28,959 

14,029 

— 

— 

1.517 

71.1 

Government . 

7,632 

— 

7,632 

— 

— 

12.2 

Higher  education . 

8,323 

236 

6,350 

1,334 

403 

— 

13.3 

Other  nonprofit . 

2,150 

200 

1,450 

— 

500 

— 

3,4 

Percent  distribution,  sources.  .  . 

.  100.0% 

46.9% 

47.1% 

2.1% 

1 .4% 

2.4% 

Total  1987  expenditures . 

.  125,353 

58,146 

57,912 

3,192 

1,606 

4,497 

100.0% 

Industry . 

.  92,155 

56,906 

30.752 

— 

— 

4,497 

73.5 

Government . 

.  13,413 

— 

13.413 

— 

— 

— 

10.7 

Higher  education . 

.  16,360 

790 

11.547 

3,192 

831 

— 

13.1 

Other  nonprofit . 

3,425 

450 

2,200 

— 

775 

— 

2.7 

Percent  distribution,  sources.  .  . 

.  100.0% 

46.4% 

46.2% 

2.5% 

1 .3% 

3.6% 

Total  1990  expenditures . 

.  146,434 

67,311 

63,996 

4,356 

2,368 

8.403 

100.0% 

Industry . 

.  104,606 

65.577 

30,626 

— 

— 

8,403 

71.4 

Government . 

.  16,002 

— 

16,002 

— 

— 

— 

10.9 

Higher  education . 

.  21,176 

1,134 

14.468 

4,356 

1,218 

14.5 

Other  nonprofit . 

4,650 

600 

2.900 

— 

1,150 

— 

3.2 

Percent  distribution,  sources.  .  . 

.  100.0% 

46.0% 

43.7% 

3.0% 

1 .6% 

5.7% 

NOTE:  Foreign  sources  represent  funding  from  companies  located  in  the  United  States  with  foreign  ownership  of  50  percent  or  more. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  National  Patterns  of  RSD  Resources:  1992.  NSF  92-330  (Washington.  DC: 
NSF,  1992);  SRS.  unpublished  tabulations;  and  Bureau  of  Economic  Analysis,  unpublished  tabulations. 

See  figure  4-5. 
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Appendix  table  4-39. 

Distribution  of  government  R&D  budget  appropriations,  by  socioeconomic  objective:  1992 

United  United 


Objective 

States 

Japan 

Germany 

France 

Kingdom 

Italy 

Canada 

Total . 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

Agriculture,  forestry,  and  fishing . 

2.2 

3.6 

2.7 

4.0 

4.0 

2.6 

12.6 

Industrial  development . 

0.3 

3.9 

13.3 

12.6 

7.9 

14.3 

9.9 

Energy . 

4.5 

21.3 

4.7 

3.1 

2.0 

3.7 

5.8 

Infrastructure . 

2.2 

1.9 

1.9 

1.0 

1.7 

0.7 

4.7 

Transport  and  telecommunications.  .  .  . 

2.0 

1.5 

0.4 

NA 

NA 

NA 

3.5 

Urban  and  rural  planning . 

0.2 

0.3 

1.4 

NA 

NA 

NA 

1.1 

Environmental  protection . 

0.7 

0.5 

3.6 

0.7 

1.6 

2.1 

1.6 

Health . 

14.7 

0.5 

3.6 

0.7 

1.6 

2.1 

1.6 

Social  development  and  services . 

1.3 

2.9 

3.3 

3.4 

6.0 

6.2 

7.9 

Earth  and  atmosphere . 

1.2 

1.0 

2.6 

0.4 

2.4 

4.8 

2.4 

Advancement  of  knowledge . 

3.9 

50.8 

48.1 

26.9 

22.5 

46.3 

36.3 

Advancement  of  research . 

3.9 

8.3 

13.5 

14.9 

4.9 

9.4 

15.4 

General  university  funds . 

— 

42.5 

34.6 

12.0 

17.6 

36.9 

20.8 

Civil  space . 

9.6 

7.1 

5.9 

8.4 

3.1 

7.2 

6.9 

Defense . 

59.4 

5.9 

10.5 

37.4 

46.2 

7.3 

7.0 

Not  elsewhere  classified . 

0.0 

0.0 

0.7 

0.4 

0.3 

3.5 

1.7 

NA  =  not  separately  available  but  included  In  subtotal:  —  =  the  United  States  does  not  have  an  equivalent  to  Europe's  and  Japan's  general  university  funds 

NOTES:  Percentages  may  not  add  to  100  because  of  rounding.  U.S.  data  are  based  on  budget  authority.  Because  of  general  university  funds  and  slight  differences 
In  accounting  practices,  the  distribution  of  government  budgets  among  socioeconomic  objectives  may  not  completely  reflect  the  actual  distribution  of  government- 
funded  research  in  particular  objectives.  Japanese  data  are  based  on  science  and  technology  budget  data,  which  include  Items  other  than  R&D.  Such  items  are  a 
small  proportion  of  the  budget,  and  therefore  the  data  may  still  be  used  as  an  approximate  indicator  of  relative  government  emphasis  on  R&D  by  objective.  Data  for 
Canada  and  France  are  for  1991 . 

SOURCES:  Science  Resources  Studies  Division,  National  Science  Foundation  International  Science  and  Technology  Update  (Washington,  DC:  NSF.  annual  senes); 
Organisation  for  Economic  Co-operation  and  Development  Main  Science  and  Technology  Indicators  database:  and  national  sources. 

See  figure  4-12.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  4-41 . 

R&D  expenditures  performed  for  majority-owned  foreign  affiliates  of  U.S.  parent  companies, 
by  country:  1982  and  1989-91 


Country 

1982 

1989 

1990 

1991 

- 

Millions  of  current  U.S.  dollars — 

-  - . 

Total . 

3,647 

7,048 

10,187 

9,358 

Canada . 

545 

914 

1,159 

1,037 

Europe . 

2,591 

5,178 

7,952 

7,109 

Belgium . 

181 

317 

388 

383 

France  . 

263 

545 

882 

871 

Germany . 

893 

1,496 

2,561 

2,503 

Ireland . 

31 

134 

539 

573 

Italy  . 

136 

294 

476 

327 

The  Netherlands . 

101 

360 

459 

477 

Spain . 

36 

115 

103 

100 

Sweden . 

29 

33 

130 

83 

Switzerland . 

51 

67 

76 

91 

United  Kingdom . 

805 

1.673 

2,221 

1,612 

Other  European  countries  .... 

65 

144 

117 

89 

Asia  and  the  Pacific . 

294 

760 

846 

914 

Australia . 

120 

181 

197 

144 

Japan . 

104 

488 

512 

595 

Singapore . 

D 

25 

54 

87 

Other  Asian  and  Pacific 

countries . 

D 

247 

83 

88 

Latin  America  and  other 

Western  Hemisphere . 

179 

153 

201 

253 

Brazil . 

96 

90 

113 

149 

Mexico . 

38 

37 

53 

64 

Other  Latin  America  countries  . 

45 

26 

35 

40 

Middle  East . 

11 

32 

16 

30 

Africa . 

26 

11 

13 

15 

South  Africa . 

23 

9 

10 

12 

Other  African  countries . 

3 

2 

3 

3 

D  =  withheld  to  avoid  disclosing  operations  of  individual  companies 

NOTES:  Data  include  foreign  direct  investments  of  nonbanK  U.S.  affiliates  only  and  R&O  expenditures  conducted  by  and  lor  the 
foreign  affiliates  The  data  exclude  expenditures  for  R&D  conducted  for  others  under  a  contract.  The  expenditures  reported 
here  differ  from  those  in  appendix  table  4-40. 

SOURCE:  Bureau  of  Economic  Analysis.  U.S.  Direct  Investmerrt  Abroad  (Washington,  DC:  BEA,  annual  series). 
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Appendix  table  4-42. 

Distribution  of  strategic  technoiogy  ailiances  between  economic  blocs,  by  technology:  1980-84  and  1985-89 


Technology 

U.S. 

19d0-84 

-Europe 

1985-89 

U.S. -Japan 

1980-84  1985-89 

U.S  -Japan 

1980-84  1985-89 

Total 

.  338 

586 

272 

307 

100 

149 

Biotechnology . 

.  58 

124 

45 

54 

5 

20 

New  materials . 

.  32 

52 

16 

40 

15 

23 

Information . 

.  158 

256 

133 

132 

57 

57 

Automotive . 

.  10 

24 

10 

39 

6 

16 

Aviation/defense . 

.  24 

31 

7 

3 

1 

0 

Chemicals . 

.  31 

54 

35 

28 

14 

21 

Food  and  beverages . 

.  3 

4 

0 

2 

2 

2 

Heavy  electrical  equipment . 

.  13 

22 

9 

4 

0 

4 

Inslruments/medlcal . 

.  9 

19 

17 

5 

0 

6 

SOURCE  John  Hagedoorn  and  Jos  Schakenraad,  Strategic  Technology  Partnerirtg  and  International  Corporate  Strategies."  in  European  Competitiveness.  Kirsty 
Hughes,  ed  (Cambridge.  United  Kingdom;  Cambridge  University  Press.  1993). 

See  figure  4-27  Science  &  Engineering  Indicators  -  1993 


Appendix  table  4-43. 

Percentage  of  industrial  R&D  performance  financed  from  foreign  sources,  by  selected  country:  1981-91 


United 

States 

Canada 

France 

Germany’ 

Italy 

Japan 

United 

Kingdom 

1981 . 

.  6.2 

7.4 

7.2 

-  Percent--- 

1.2 

4.3 

0.1 

87 

n82 . 

.  6,5 

10.7 

4.8 

1.3 

4.7 

0.1 

NA 

1Jj3 . 

.  6.5 

16.7 

4.6 

1,4 

4,3 

0.1 

6.8 

1984 . 

.  6.5 

17.2 

6.5 

1.5 

6.2 

0,1 

NA 

1985 . 

.  6.4 

14.3 

6.9 

1.4 

6.1 

0.1 

11.1 

1986 . 

.  6.8 

13.7 

8.0 

1.4 

7.3 

0.1 

12.2 

1987 . 

.  7.3 

16.9 

8.7 

1.5 

6.9 

0.1 

12.0 

1988 . 

.  8.2 

18.1 

9.2 

2.1 

6.6 

0.1 

12.0 

1989 . 

.  9.5 

16.9 

10.9 

2.7 

6.5 

0.1 

13.4 

1990 . 

.  11.1 

17.7 

11.1 

3.0 

7.3 

0.1 

15.5 

1991 . 

.  NA 

17.7 

NA 

3.1 

5,1 

0.1 

16.0 

NA  =  not  available 


NOTE:  For  the  United  States,  toreign  expenditures  are  from  companies  with  at  least  10  percent  foreign  ownership. 

German  data  ats  for  the  former  West  Germany  only. 

SOURCE:  Organisation  for  Economic  Co-operation  and  Development,  Main  Science  and  Technology  Indicators  database:  and  Bureau  of  Economic  Analysis.  Foreign 
Direct  Investment  in  the  United  States  (Washington,  DC;  BEA.  annual  series). 

See  figure  4-29 
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Appendix  table  4-44. 

Foreign  R&D  expenditures  in  the  United  States,  by  industry  and  country:  1977-90 
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Appendix  table  4-45. 

R&D  expenditures  in  the  United  States  by  majority-owned  U.S.  affiliates  of  foreign  companies, 
by  industry  of  affiliate  and  country  of  ultimate  beneficial  owner:  1980  and  1987-90 


Industry  and  country 

1980 

1987 

1988 

1989 

1990 

Total . 

1,517 

Millions  of  current  dollars 

4.497  5,485  6,720 

8.403 

Expenditures  by  industry 

Manufacturing . 

1 .420 

4.092 

5,112 

6,293 

7,703 

Food  and  kindred  products . 

19 

58 

105 

185 

201 

Chemicals  and  allied  products . 

733 

D 

D 

D 

D 

Industrial  and  other  chemicals . 

501 

D 

D 

D 

D 

Drugs  and  medicines . 

232 

1.075 

1,293 

1.806 

2,365 

Petroleum . 

175 

283 

339 

378 

491 

Flubber  products . 

8 

50 

98 

117 

153 

Stone,  clay,  and  glass  products . 

10 

32 

61 

62 

113 

Primary  metal  Industries . 

D 

38 

37 

75 

70 

Fabricated  metal  products . 

D 

62 

100 

201 

150 

Machinery,  except  electrical . 

92 

D 

446 

556 

639 

Computer  and  office  equipment . 

28 

D 

285 

295 

371 

Other . 

65 

79 

161 

260 

267 

Electrical  and  electronic  equipment . 

285 

D 

1,114 

1.078 

1,558 

Household  audio  &  video,  and 

communications  equipment . 

66 

555 

777 

721 

999 

Electronic  components  and  other . 

219 

D 

337 

357 

559 

Transportation  equipment . 

10 

D 

D 

D 

100 

Professional  and  scientific  instruments . 

28 

254 

210 

295 

283 

Nonmanufacturing  industries . 

97 

405 

373 

427 

700 

Services . 

5 

59 

42 

77 

75 

Wholesale  trade . 

69 

312 

300 

297 

567 

Motor  vehicles  and  equipment . 

D 

86 

67 

71 

283 

Electrical  goods . 

5 

71 

107 

D 

106 

Other . 

23 

34 

31 

53 

58 

Expenditures  by  country 

Canada  . 

113 

D 

D 

D 

D 

Europe . 

1.217 

3.458 

4,241 

5.414 

6.669 

France . 

39 

332 

402 

510 

767 

Germany’ . 

281 

824 

963 

1,216 

1.422 

Italy . 

D 

D 

73 

93 

92 

The  Netherlands . 

D 

540 

615 

690 

779 

Sweden . 

D 

124 

160 

205 

249 

Switzerland . 

329 

D 

D 

1,060 

1,455 

United  Kingdom . 

247 

790 

1,085 

1.568 

1,786 

Other  European  countries . 

16 

47 

D 

72 

119 

Asia  and  the  Pacific . 

D 

179 

345 

412 

777 

Australia . 

2 

5 

4 

9 

14 

Japan  . 

D 

133 

282 

369 

695 

Other  Asian  and  Pacific  countries . 

D 

41 

59 

34 

68 

Latin  America  and  other  western  hemisphere  .... 

155 

329 

302 

352 

315 

Middle  East . 

2 

14 

9 

10 

10 

Africa . 

D 

D 

D 

D 

D 

South  Africa . 

D 

D 

D 

D 

4 

Other  African  countries . 

D 

D 

0 

0 

D 

Total . 

2,116 

Millions  of  constant  1 987  dollars^ 

4,497  5,279  6,194 

7.423 

D  =  withheld  to  avoid  disclosing  operations  of  individual  companies:  NA  =  not  available 

NOTES:  Includes  foreign  direct  investments  of  nonbank  U.S.  affiliates  with  50  percent  or  more  foreign  ownership.  These  R&D  expenditures  are  a 
subset  of  total  foreign  RSD  expenditures,  reported  in  appendix  table  4-44.  Excludes  expenditures  for  R&D  conducted  tor  others  under  a  contract. 

'German  data  are  for  the  former  West  Germany  only. 

^See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCE:  Bureau  of  Economic  Analysis,  special  tabulations. 
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Appendix  A.  Appendix  Tables 


Appendix  table  4-46. 

Government  funding  of  academic  and  academicaiiy  reiated  research,  by  field  and  country:  1987 


Field 

United 

States 

Japan 

West 

Germany 

France 

United 

Kingdom 

Canada 

The 

Netherlands 

Australia 

Unweighted 

average 

Total . 

.  .  14,904 

3.736 

Millions  of  constant  U.S.  1987  dollars' 

4,037  3,212  2,787  1,267 

958 

738 

Engineering . 

13.2 

21.6 

12.5 

11.2 

Percent 

15.6  11.9 

11.7 

7.9 

13.2 

Physical  sciences . 

15.6 

14.5 

25.1 

29.7 

20.3 

13.7 

21.7 

13.7 

19.3 

Environmental  sciences  .... 

5.8 

3.7 

4.5 

5.3 

6.3 

3.7 

2.8 

9.4 

5.2 

Math  &  computer  sciences  .  . 

4.0 

2.3 

3.9 

5.4 

7.5 

5.2 

3.5 

4.2 

4.5 

Life  sciences . 

48.9 

33.7 

36.7 

34.7 

31.0 

38.2 

32.7 

36.0 

36.5 

Social  sciences  and  psych. .  . 

5.1 

3.9 

5.2 

4.6 

6.7 

10.3 

10.4 

12.2 

7.3 

Professional  &  vocational  .  .  . 

3.3 

9.9 

5.0 

2.1 

5.8 

8.7 

8.5 

6.4 

6.2 

Arts  and  humanities . 

2.8 

9.6 

6.2 

6.8 

6.6 

7.5 

8.6 

10.1 

7.3 

Multidisciplinary^ . 

1.5 

0.8 

0.8 

0.1 

0.3 

0.9 

0.1 

0.0 

0.6 

'Conversions  of  foreign  currencies  to  U.S.  dollars  were  calculated  with  the  Organisation  for  Economic  Co-operation  and  Development  purchasing  power  parity 
exchange  rates  available  in  early  1 989. 

■^Research  not  elsewhere  classified. 

SOURCE:  B.R.  Martin  and  J.  Irvine.  “Trends  in  Government  Spending  on  Academic  and  Related  Research:  An  International  Comparison."  Science  and  Public  Policy. 
Vol.  19.  No.  5:315. 

Science  S  Engineering  Indicators  - 1993 


Science  A  Engineering  Indicalors  -  1993 


«  387 


^  « 


n 


in 

I  i 

o 


of 

(A  (0 
(d  o 

o 


O 

00 

GC 

13  .a 

K  o 

I 


a 

II 

5  E 

Q 


fi-  o 

&  CO 

<  o 


of 

SCO 

a> 

CD  S 
P 


O 
00 
tr 
«  o 

2  £ 
H  « 


co(0’4:r^«-o><Dh«u)co 

iri’O'^cncoeo^^^'V 


o 

^  l^eMKOCMOJ^I/)OOCO 

or^in^^odoooioiebeo 


ocNjo>mr^MOooooo) 
rs!  o  ^  lA  ed 

CO  ‘ 


)  ed  S  CO  ih  CO  <d 
S  K 


o  Q  < 

<*>  CO  ’ 


lO  ^  ®  ' 

^  ^  o  00 

T-  CM  04 


Q  CM 
CO  CO 


o 

*0 

rv 

00 

O) 


c 


OffiCA^^r^COCMv- 

f^^od®0)^CMCMCM 


O)  A  CO 
lA  m  ^  A  < 
CO  O  A  ' 


T-  A  T-  A  A 

^  2  A  r: 


CM  A 


o 

V  ^  ^ 


CM  CM 
A  A 


Av-p^OAACMA^ 
^-‘Q!^^CMOAAAA 
’M'A^T.AACMAAAf^ 
CM  cm"  ^  A  ■M*"  A*  a"  a"  a"  a" 


^Asoor^^ocor^ 

AA^^^AAAAO 


O 

(A 


AWWr^AAA’^Af^ 
I^AgAAr«-Ar^“  “ 
^^^CMAAAA 


i  3SS 


A  A  ^  A  A 
- ^  Q  A 


«9  g  ^ 


g'  A  O  A  - 
^  A  ^  A 


H 


^  A  ^  A  ^  A  A 
r-.'^OCM^r^Af-A 
W*  1-"  i-*  A*  A 


AAA^^A"^Ah»CM 

^’M^cd^'M-'^’^^cocd 


AAOA^^^OAA 

odr^odr^r^rsijsihJis^N: 


AAAAAho^At^^ 

cbcbcoWWoodedh^K 

r^h^rN.r^r^r«.AAAA 


A^AAAh«AOOA 


SK 
A 


SK 

A 


A  rv 
A  A 


SA 
A 


SA 
A 


^  A  O 
A  O  A 
AAA 


-M*  A  A 
A  o 
AAA 


^  ^ 
A  O  ^ 
AAA 


O  ^  A 
A  A  ^ 

A  A  A  A 


A  A  A  r<^  CO  < 
o  1^  o  r^  A  A  < 
fs.  A  A  A  < 


Sh.  A 
A  O  O 


^  G  9  <0  Oi 

h*  O  A  A  A  A  A 
K  r^  h-  A  A  A  O 


A  A  A  A  O 
A  A  A  ^  I 


^  A  A  A 


A  A  ^ 
O  A  N 
h-  A  A  K 


«-AAr*^AAA^KI^ 
Ar^AOr^AN>AAO 
<r-AA^AOAOAA 
A  A  A  a"  A  A  A  A 


A  .  - 

^SS 


A 


A 


- 

A  A  O 

AA~AcoAcoKododc» 


A  A 
“  A 
o 


9  ^  A  CD  I 

cA  rv  CO  A 


AAJAA^JOAA 


S? 


A  ^  A  O  O  A 
^  1-  ^  A  A  ^ 


r^^’^AA^AK’^A 

A^-A^AA^AA’*- 

'M'^Arvr^AOO'»~A 


A-^ACOCOOAOAA 
A»“AAA^^QC0A 
r^AAO-^-^AflO-r-A 
^  CM  A*  CM  a"  CM  CM  CO  CO 


^AO^AAAt^AO 

COACOOOO^IVOAA 

cma'cma’cococo'mT^a 


AAr-O^AAQ^A 

AAAAA'^Oi7>A“ 


S-*-  O  A  A  A 

A  A  O  r- 


A->-AA^OAAAO 

SAAAAaA^'t'A 
r^AAA'M’AAAO 
^  •»-"  1-"  CM  a"  CM  a"  CO 


AAAAACOOAAt- 

SAr^OAAAAAO 
AAAKA^AAA 
A  a"  CO  r-T  cd  a"  A 


5  S  £  S 

AAA 


O 

a"  a" 


A  A  A  A 

K  IS."  a"  a* 


AAaAAAAAAA 


O^AA^AAKAA 

|S.rsfS.fS»fS,fS,f>.„^fii,*fs,» 

AAAAAAAAAA 


O  *-  A 

S§!S 


A  • 

S! 


S 


s 

s 


O  A  ^  A 

od  od  A  CO 


A 

o 

A 

fs. 

O 

A 

A 

A 

A 

CO 

A 

O 

p 

A 

1^ 

O) 

A 

od 

A 

A 

A 

|sl 

$ 

A 

A 

A 

A 

A 

A 

"M* 

’M* 

CO 

is! 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

^  A  ^  fs. 
A  A  A  A 
A  A  A  A 


•t-  A  A 
hs  ^  A  A 
A  A  O  A 


AAAAAAAAAA  AA^^ 


rs.  A  A  A 
fs.  A 
^  A  A  A 

a"  a"  O  O 


00 

A 

A 

i? 

A 

rs 

A 

A 

s 

'M' 

8 

A 

▼“ 

A 

8 

o 

8 

A 

A 

A  y^ 
od  rs 

s 

A 

A 

A 

fs 

8 

A 

A 

A 

8 

K 

O 

rs 

A 

A 

A 

CM 

A 

r*: 

A 

A 

IS 

O 

^  A 

A, 

A 

A 

A 

O 

IS 

CO 

CO 

a" 

rsT 

a" 

rs* 

IsT 

rs 

od 

a" 

a" 

a" 

a" 

A  O 

CM 

A* 

A 

A 

A 

a" 

§A  O  O 
•»-  A  A 


S  I 


O  O  O 
_  rs  A  A 
CO  A  A  CO 
*«t"  A 


^  A  Q  O 

SCO  O  Q 
A  ^  A 
O  a"  CO 


ss 

8^ 

^888 

A  ^ 

^  O 

CO  A  O  A 

O  A 

CO  A 

A  IS  a>  p 

^  ^  ^  A 

^  A  A 


A 


388  « 


Appendix  A.  Appendix  Tables 


Appendix  table  5-2. 

Support  for  academic  R&D,  by  sector:  FYs  1960-93 

(page  1  of  2) 


Total 

Federal 

Government 

State/local 

government 

Industry 

Academic 

institutions 

All  other 
sources 

1960  . 

646 

405 

85  40 

64 

52 

1961 . 

763 

500 

95 

40 

70 

58 

1962 . 

904 

613 

106 

40 

79 

66 

1963  . 

1,081 

760 

118 

41 

89 

73 

1964  . 

1,275 

917 

132 

40 

103 

83 

1965 . 

1,474 

1,073 

143 

41 

124 

93 

1966  . 

1,715 

1,261 

156 

42 

148 

108 

1967  . 

1,921 

1,409 

164 

48 

181 

119 

1966  . 

2,149 

1,572 

172 

55 

218 

132 

1969  . 

2,225 

1,600 

197 

60 

223 

145 

1970  . 

2,335 

1,647 

219 

61 

243 

165 

1971 . 

2,500 

1,724 

255 

70 

274 

177 

1972  . 

2,630 

1,795 

269 

74 

305 

187 

1973  . 

2,884 

1,985 

295 

84 

318 

202 

1974  . 

3,022 

2,032 

308 

95 

368 

219 

1975  . 

3,409 

2,288 

332 

113 

417 

259 

1976  . 

3,729 

2,512 

363 

123 

446 

285 

1977  . 

4,067 

2,726 

374 

139 

514 

314 

1978’ . 

4,625 

3,059 

414 

170 

623 

359 

1979  . 

5,380 

3,604 

476 

194 

738 

368 

1980  . 

6,077 

4,104 

497 

236 

837 

403 

1981 . 

6,847 

4,571 

545 

292 

1,004 

435 

1982  . 

.  .  .  7,323 

4,768 

616 

337 

1,111 

491 

1983  . 

7,881 

4,989 

625 

389 

1,302 

576 

1984  . 

8,620 

5,430 

690 

475 

1,411 

614 

1985  . 

9,686 

6,063 

752 

560 

1,617 

694 

1986  . 

_  10,928 

6,710 

916 

700 

1,868 

734 

1987 . 

...  12,154 

7,341 

1,024 

790 

2,168 

831 

1988  . 

_  13,466 

8,191 

1.107 

872 

2,355 

941 

1989  . 

_  15,016 

8,991 

1,235 

998 

2.712 

1,080 

1990  . 

_  16,344 

9,636 

1.339 

1,134 

3,017 

1,218 

1991 . 

_  17.620 

10,221 

1.481 

1,216 

3,369 

1,333 

1992  (est.)’ . 

.  .  .  .  19,050 

10,800 

1,650 

1,350 

3,750 

1,500 

1993  (est.)' - 

_  20,550 

11,400 

1,850 

1,500 

4,150 

1,650 

mlMlOns  Ot  COnSlanl  I^Or  UOMdIo 

1960  . 

_  2,475 

1,552 

326 

153 

245 

199 

1961 . 

_  2,901 

1,901 

361 

152 

266 

221 

1962  . 

_  3,373 

2,287 

396 

149 

295 

246 

1963  . 

_  3,974 

2,794 

434 

151 

327 

268 

1964 . 

_  4,620 

3,322 

478 

145 

373 

301 

1965 . 

_  5,208 

3,792 

505 

145 

438 

329 

1966 . 

_  5,893 

4,333 

536 

144 

509 

371 

1967  . 

_  6,382 

4,681 

545 

159 

601 

395 

1968  . 

_  6,888 

5,038 

551 

176 

699 

423 

1969  . 

_  6,784 

4,878 

601 

183 

680 

442 

1970 . 

_  6,749 

4,760 

633 

176 

702 

477 

1971 . 

_  6,887 

4,749 

702 

193 

755 

488 

1972  . 

_  6,885 

4,699 

705 

194 

798 

490 

1973  . 

.  .  .  .  7,174 

4,938 

733 

209 

792 

502 

1974 . 

_  6,979 

4,693 

711 

219 

850 

506 

1975  . 

_  7,162 

4,807 

697 

237 

877 

544 

1976 . 

_  7,283 

4,906 

710 

240 

870 

557 

1977  . 

_  7,341 

4,921 

675 

251 

928 

567 

1978’  . 

_  7,760 

5,133 

695 

285 

1,045 

602 

1979 . 

_  8,315 

5,570 

736 

300 

1,140 

569 

(continued) 
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Appendix  table  5-2. 

Support  for  academic  R&D,  by  sector:  FYs  1960-93 

(page  2  of  2) 


Total 

Federal 

Government 

State/local 

government 

Industry 

Academic 

institutions 

All  other 
sources 

1980  . 

8.608 

5,813 

Millions  of  constant  1987  dollars^ 

704  334 

1,186 

571 

1981 . 

8,801 

5,875 

701 

375 

1,290 

559 

1982  . 

8,760 

5,703 

737 

403 

1,329 

587 

1983  . 

9,059 

5,734 

718 

447 

1,497 

662 

1984 . 

9,483 

5,974 

759 

523 

1,552 

675 

1985  . 

.  .  .  10,271 

6,429 

797 

594 

1,715 

736 

1986  . 

...  11 .254 

6,910 

943 

721 

1,924 

756 

1987  . 

...  12,154 

7,341 

1.024 

790 

2,168 

831 

1988  . 

,  .  .  12,998 

7,906 

1,069 

842 

2,273 

908 

1989  . 

.  .  .  13,878 

8,310 

1,141 

922 

2,506 

998 

1990  . 

.  .  .  14,502 

8,550 

1.188 

1.006 

2,677 

1.081 

1991 . 

.  .  .  15,086 

8,751 

1,268 

1,041 

2,884 

1.141 

1992  (est.)' _ 

,  .  .  15,862 

8,993 

1.374 

1,124 

3,122 

1,249 

1993  (est.)' _ 

.  .  ,  16,707 

9,268 

1,504 

1,220 

3,374 

1,341 

1960  . 

100.0 

62.7 

Percent 

13.2 

6.2 

9,9 

8.0 

1961 . 

100.0 

65.5 

12.5 

5.2 

9.2 

7.6 

1962  . 

100.0 

67.8 

11.7 

4.4 

8.7 

7,3 

1963  . 

100.0 

70.3 

10.9 

3.8 

8.2 

68 

1964  . 

100.0 

71.9 

10.4 

3.1 

8.1 

65 

1965  . 

100.0 

72.8 

9.7 

2,8 

8,4 

6.3 

1966  . 

100.0 

73.5 

9.1 

2.4 

8.6 

6.3 

1967  . 

100.0 

73.3 

8.5 

2.5 

9.4 

6.2 

1968  . 

100.0 

73.2 

8.0 

2.6 

10.1 

6.1 

1969  . 

100.0 

71.9 

8,9 

2.7 

10.0 

6.5 

1970  . 

100.0 

70.5 

9.4 

2.6 

10.4 

7.1 

1971 . 

100.0 

69.0 

10.2 

2.8 

11.0 

7.1 

1972  . 

100.0 

68.3 

10.2 

2,8 

11.6 

7.1 

1973  . 

100,0 

68.8 

10.2 

2.9 

11.0 

7.0 

1974  . 

100.0 

67.2 

10.2 

3,1 

12.2 

7.2 

1975  . 

100.0 

67,1 

9.7 

3.3 

12.2 

7.6 

1976  . 

100.0 

67,4 

9.7 

3.3 

11.9 

7.6 

1977  . 

100.0 

67.0 

9.2 

3,4 

12.6 

7.7 

1978’  . 

100.0 

66.1 

9.0 

3.7 

13.5 

7.8 

1979  . 

100.0 

67.0 

8.8 

3.6 

13.7 

6.8 

1980  . 

100.0 

67,5 

8.2 

3.9 

13.8 

6.6 

1981 . 

100.0 

66.8 

8.0 

4.3 

14.7 

6.4 

1982  . 

100.0 

65.1 

8.4 

4.6 

15.2 

6.7 

1983  . 

100.0 

63.3 

7.9 

4.9 

16.5 

7.3 

1984  . 

100.0 

63.0 

8.0 

5.5 

16.4 

7.1 

1985  . 

100.0 

62.6 

7.8 

5,8 

16.7 

7.2 

1986  . 

100.0 

61.4 

8,4 

6.4 

17.1 

6.7 

1987  . 

100.0 

60.4 

8.4 

6.5 

17.8 

6.8 

1988  . 

100.0 

60.8 

8.2 

6.5 

17.5 

7.0 

1989  . 

100.0 

59.9 

8.2 

6.6 

18.1 

7.2 

1990  . 

100.0 

59.0 

8.2 

6.9 

18,5 

7.5 

1991 . 

100.0 

58.0 

8.4 

6.9 

19.1 

7.6 

1992  (est.)' _ 

100.0 

56.7 

8.7 

7.1 

19.7 

7.9 

1993  (est.)' _ 

100.0 

55.5 

9.0 

7.3 

20.2 

8.0 

’Relative  amounts  of  funds  from  state  and  local  governments  and  from  acauemic  institutions  are  estimated  from  previous  year  s  ratio. 

^See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Academic  Science  and  Engineering:  R&D  Expenditures:  Fiscal  Year  1991. 
Detailed  Statistical  Tables.  NSF  93-308  (Washington.  DC:  NSF.  1993):  and  SRS.  annual  series. 

See  figure  5-3. 
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Appendix  A:  Appendix  Tables 


Appendix  table  5-3. 

Screes  of  R&D  funds  at  private  and  public  Institutions,  by  sector:  1981  and  1991 


Year  and  Federal  State/local  Academic  Other 

institution  type  Total  Government  government  Industry  institutions  sources 


- Millions  of  dollars - 

1981 

Private .  2.458  1.941  47  111  183  176 

Public .  4.389  2.630  499  180  821  259 

1991 

Private .  5.845  4.177  144  417  576  531 

Public .  11.776  6,044  1,339  799  2,792  802 

- Percent - 

1981 

Private .  100.0  79.0  1.9  4.5  7.4  7.1 

Public .  100.0  59.9  11.4  4.1  18.7  5.9 

1991 

Private .  100.0  71.5  2.5  7.1  9.9  9.1 

Public .  100.0  51.3  11.4  6.8  23.7  6.8 


SOURCES:  SderKO  Resources  Studies  Division  (SRS),  National  Science  Foundation,  Academic  Science  and  Engineering:  R&D  Expenditures:  Fiscal  Year  1991, 
Detailed  Statistical  Tables,  NSF  93-308  (Washington.  DC:  NSF.  1993):  and  SRS,  annual  series. 
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Appendix  table  5-4, 

R&D  expenditures  at  the  top  100  academic  institutions,  by  source  of  funds:  1991 

(page  1  of  2) 


Rank  and  academic  institution 

Institution 

type 

Total 

Federal 

Government 

State/local 

government 

Industry 

Academic 

institutions 

All  other 

sources 

Millions  of  dollars 

Total,  all  Institutions' . 

17,181 

9,791 

1,483 

1.216 

3,359 

1,333 

1  University  of  Michigan-all  campuses . 

Public 

364 

206 

3 

31 

94 

29 

2  University  of  Minnesota-all  campuses . 

Public 

331 

165 

54 

19 

61 

33 

3  University  of  Wisconsin-Madison . 

Public 

326 

184 

57 

13 

47 

26 

4  Massachusetts  Institute  of  Technology  .... 

Private 

319 

238 

3 

46 

9 

23 

5  Stanford  University . 

Private 

310 

242 

1 

12 

37 

18 

6  Cornell  University-all  campuses . 

Private 

310 

173 

41 

17 

55 

23 

7  Texas  A  &  M  University-all  campuses . 

Public 

288 

98 

78 

23 

78 

11 

8  University  of  Washington . 

Public 

274 

221 

6 

26 

18 

4 

9  Johns  Hopkins  University' . 

Private 

271 

212 

1 

15 

19 

24 

1 0  University  of  California-San  Francisco . 

Public 

269 

191 

13 

5 

33 

26 

Total,  1st  10  Institutions . 

3,062 

1,930 

257 

207 

451 

218 

1 1  Pennsylvania  State  Univ.-all  campuses .... 

Public 

268 

146 

9 

38 

75 

• 

12  University  of  California-San  Diego . 

Public 

261 

200 

8 

11 

23 

18 

1 3  University  of  California-Berkeley . 

Public 

258 

140 

24 

12 

66 

16 

14  University  of  California-Los  Angeles . 

Public 

250 

168 

5 

9 

36 

32 

1 5  Univ.  of  Illinois  at  Urbana -Champaign . 

Public 

243 

119 

34 

24 

58 

8 

1 6  University  of  Texas-Austin . 

Public 

237 

113 

9 

6 

75 

34 

17  Harvard  University . 

Private 

230 

156 

* 

12 

19 

43 

1 8  University  of  Arizona . 

Public 

214 

102 

6 

12 

79 

15 

19  University  of  Maryland-College  Park . 

Public 

206 

78 

60 

12 

56 

0 

20  University  of  California-Davis . 

Public 

201 

80 

12 

7 

88 

13 

Total,  1st  20  institutions . 

5.431 

3,232 

424 

349 

1.028 

398 

21  University  of  Pennsylvania . 

Private 

198 

144 

4 

7 

16 

27 

22  Ohio  State  University-all  campuses . 

Public 

195 

89 

33 

15 

27 

32 

23  Columbia  University-main  campus . 

Private 

195 

164 

3 

7 

5 

16 

24  Yale  University . 

Private 

194 

150 

1 

9 

15 

20 

25  Georgia  Inst,  of  Technology-all  campuses .  . 

Public 

177 

101 

2 

22 

51 

0 

26  University  of  Southern  California . 

Private 

176 

132 

6 

14 

23 

0 

27  Duke  University . 

Private 

164 

115 

2 

23 

13 

12 

28  University  of  Georgia . 

Public 

163 

45 

38 

6 

73 

1 

29  University  of  Colorado-all  campuses . 

Public 

162 

119 

2 

8 

16 

16 

30  Baylor  College  of  Medicine . 

Private 

161 

79 

4 

7 

21 

50 

Total,  1st  30  institutions . 

7.215 

4.370 

518 

467 

1,288 

572 

31  Washington  University . 

Private 

160 

112 

4 

16 

13 

15 

32  Louisiana  State  University-all  campuses  .  .  . 

Public 

151 

57 

56 

8 

23 

7 

33  Rutgers  State  UnIv.  of  NJ-all  campuses  .  .  , 

Public 

151 

49 

25 

8 

61 

9 

34  Northwestern  University . 

Private 

145 

63 

3 

7 

56 

17 

35  University  of  North  Carolina-Chapel  Hill.  .  .  , 

Public 

143 

103 

18 

4 

17 

0 

36  North  Carolina  State  University-Raleigh  .  .  . 

Public 

143 

47 

50 

21 

20 

5 

37  University  of  Florida . 

Public 

140 

67 

12 

13 

42 

6 

38  Purdue  University-all  campuses . 

Public 

136 

68 

18 

12 

32 

7 

39  Iowa  State  University . 

Public 

135 

43 

31 

7 

49 

5 

40  Michigan  State  University . 

Public 

133 

62 

25 

5 

32 

10 

Total,  1st  40  institutions . 

8,653 

5.040 

761 

568 

1,632 

652 

41  University  of  Rochester . 

Private 

132 

107 

7 

7 

1 

10 

42  University  of  Pittsburgh-all  campuses . 

Public 

130 

100 

1 

7 

9 

13 

43  University  of  Tennessee  Central  Office  .... 

Public 

128 

64 

25 

9 

24 

7 

44  Virginia  Polytechnic  Inst.  &  State  Univ . 

Public 

125 

48 

39 

12 

22 

4 

45  University  of  Iowa . 

Public 

124 

81 

3 

8 

25 

7 

46  University  of  Massachusetts-all  campuses.  . 

Public 

120 

68 

7 

10 

29 

6 

47  University  of  Connecticut-all  campuses .... 

Public 

120 

46 

5 

7 

53 

8 

48  University  of  Chicago . 

Private 

117 

94 

2 

1 

10 

10 

49  California  Institute  of  Technology . 

Private 

116 

101 

* 

3 

7 

5 

50  SUNY  at  Buffalo-all  campuses . 

Public 

113 

69 

4 

3 

21 

16 

Total,  1st  SO  institutions . 

9,878 

5.817 

854 

636 

1,834 

737 

(continued) 
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Appendix  table  5-4. 

R&D  expenditures  at  the  top  100  academic  institutions,  by  source  of  funds:  1991 

(page  2  of  2) 


Rank  and  academic  institution 

Institution 

type 

Total 

Federal 

Government 

State/local 

government 

Industry 

Academic 

institutions 

Atl  other 

sources 

51  University  of  Alabama-Birmingham . 

Public 

113 

76 

Millions  of  dollars 

3  8 

11 

15 

52  New  York  University . 

Private 

112 

82 

1 

6 

9 

14 

53  Univ.  of  Texas  MD  Anderson  Cancer  Center . 

Public 

109 

32 

0 

0 

56 

21 

54  Case  Western  Reserve  University . 

Private 

104 

76 

3 

5 

9 

11 

55  Carnegie  Mellon  University . 

Private 

103 

65 

6 

20 

2 

9 

56  Indiana  University-all  campuses . 

Public 

102 

62 

1 

2 

27 

10 

57  University  of  Miami . 

Private 

97 

70 

2 

7 

4 

14 

58  University  of  Missouri-Columbia . 

Public 

97 

27 

13 

10 

42 

5 

59  University  ot  Virginia-all  campuses . 

Public 

97 

61 

7 

8 

10 

11 

60  Oregon  State  University . 

Public 

96 

51 

24 

4 

8 

9 

Total,  1st  60  institutions . 

10.909 

6.420 

914 

705 

2,013 

857 

61  University  of  Utah . 

Public 

95 

69 

3 

3 

16 

4 

62  U.  of  Texas  Southwestern  Med  Ctr  Dallas  .  .  . 

Public 

95 

58 

* 

9 

6 

21 

63  Utah  State  University . 

Public 

94 

62 

13 

2 

15 

2 

64  Princeton  University . 

Private 

92 

52 

2 

5 

25 

9 

65  Emory  University . 

Private 

92 

61 

3 

7 

14 

7 

66  SUNY  at  Stony  Brook-all  campuses . 

Public 

91 

59 

2 

3 

21 

6 

67  University  of  Illinois-Chicago . 

Public 

91 

43 

4 

5 

29 

10 

68  U.  of  Maryland  Baltimore  Prof.  Schools . 

Public 

90 

44 

16 

12 

11 

7 

69  University  of  Nebraska-Lincoln . 

Public 

88 

27 

33 

3 

22 

2 

70  Yeshiva  University . 

Private 

87 

68 

0 

2 

11 

6 

Total,  1st  70  institutions . 

11,822 

6.963 

990 

755 

2,182 

932 

71  University  of  California-Irvine . 

Public 

83 

53 

3 

4 

13 

9 

72  University  of  Kentucky-all  campuses . 

Public 

81 

32 

6 

7 

31 

5 

73  Vanderbilt  University . 

Private 

81 

71 

• 

2 

3 

5 

74  University  of  Cincinnati-all  campuses . 

Public 

81 

47 

3 

4 

18 

8 

75  Colorado  State  University . 

Public 

80 

56 

10 

3 

8 

4 

76  University  of  Oklahoma-all  campuses . 

Public 

80 

26 

8 

4 

30 

12 

77  New  Mexico  State  University-all  campuses  .  . 

Public 

79 

58 

9 

5 

7 

1 

78  University  of  Hawaii-Manoa . 

Public 

78 

45 

27 

1 

3 

2 

79  Woods  Hole  Oceanographic  Institution . 

Private 

77 

67 

1 

1 

2 

6 

80  Washington  State  University . 

Public 

75 

32 

5 

2 

28 

8 

Total,  1st  80  institutions . 

12,616 

7,449 

1,062 

789 

2.325 

992 

81  Boston  University . 

Private 

75 

60 

• 

6 

0 

8 

82  Rockefeller  University . 

Private 

74 

37 

* 

5 

16 

16 

83  U.  of  Medicine  &  Dentistry  of  New  Jersey  .  .  . 

Public 

73 

39 

8 

3 

16 

6 

84  University  of  South  Florida . 

Public 

73 

24 

5 

6 

32 

6 

85  Tulane  University  of  Louisiana . 

Private 

72 

37 

2 

7 

20 

7 

86  Clemson  University . 

Public 

70 

17 

15 

6 

29 

3 

87  Wayne  State  University . 

Public 

70 

31 

6 

7 

21 

6 

88  Auburn  University-alt  campuses . 

Public 

70 

15 

22 

6 

21 

5 

89  Oklahoma  State  University-all  campuses.  .  .  . 

Public 

67 

16 

5 

2 

43 

1 

90  Univ.  of  Alaska  Fairbanks-all  campuses  .... 

Public 

67 

34 

2 

2 

28 

1 

Total,  1st  90  institutions . 

13,328 

7,757 

1,127 

840 

2,552 

1,051 

91  University  of  New  Mexico-all  campuses . 

Public 

67 

30 

5 

5 

17 

11 

92  Mount  Sinai  School  of  Medicine . 

Private 

66 

42 

1 

4 

7 

12 

93  University  of  Kansas-all  campuses . 

Public 

66 

26 

2 

4 

31 

2 

94  Virginia  Commonwealth  University . 

Public 

66 

45 

2 

6 

10 

2 

95  Mississippi  State  University . 

Public 

64 

26 

21 

7 

7 

4 

96  Arizona  State  University . 

Public 

63 

26 

1 

7 

28 

1 

97  Georgetown  University . 

Private 

60 

42 

* 

5 

9 

5 

98  University  of  California-Santa  Barbara . 

Public 

60 

47 

1 

2 

6 

4 

99  University  of  California-Riverside . 

Public 

57 

16 

3 

1 

34 

3 

100  Univ.  of  South  Carolina-all  campuses . 

Public 

55 

23 

2 

8 

21 

2 

Total,  1st  100  institutions . 

13,954 

8,080 

1.165 

889 

2.722 

1,097 

■  =  less  than  $1  million 

'These  figures  exclude  the  Applied  Physics  Laboratory  (APL)  at  Johns  Hopkins  University,  which  is  similar  to  a  federally  funded  research  and  development  center  and 
dominates  the  R&D  performed  at  the  university.  In  1991  APL  had  total  R&D  expenditures  of  $439  million,  of  which  $430  million  was  provided  by  federal  sources. 

SOURCF  cience  Resources  Studies  Division  (SRS).  National  Science  Foundation.  Academic  Science  and  Engineering:  R&D  Expenditures:  Fiscal  Year  1991. 
Detailed  l  .stical  Tables.  NSF  93-308  (Washington.  DC:  NSF.  1993);  and  SRS.  unpublished  tabulations. 
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Appendix  table  5-6. 

Federal  and  nonfederal  R&D  expenditures  at  academic  institutions,  by  field  and  source  of  funds:  1991 


Field 

Total 

Federal 

Nonfederal 

Federal 

Nonfederal’ 

Thousands 
of  dollars 

Percent 

Thousands  of  dollars 

Percent 

Total  science  and  engineering . 

_  17,620,209 

100.0 

10,220.506 

7,399,703 

58.0 

42.0 

Totai  sciences . 

_  14,727,459 

83.6 

8,589,561 

6,137  398 

58.3 

41  7 

Physical  sciences . 

_  1,936,857 

110 

1 ,378,592 

558,265 

71.2 

288 

Astronomy . 

_  210,148 

1.2 

135,362 

74,786 

64  4 

35,6 

Chemistry . 

_  669,998 

3.8 

449,644 

220,354 

67.1 

32.9 

Physics . 

_  883,038 

5.0 

677,582 

205,456 

76.7 

23.3 

Other  . 

173,673 

1.0 

116,004 

57,669 

66.8 

33.2 

Mathematical  sciences . 

_  229,495 

1.3 

169,147 

60,348 

73.7 

26.3 

Computer  sciences . 

_  544,464 

3.1 

366,009 

178,455 

67.2 

32.8 

Environmental  sciences . 

_  1,119,905 

6.4 

704,409 

415,496 

62.9 

37.1 

Atmospheric  sciences . 

_  176,447 

1.0 

132,217 

44,230 

74.9 

25-1 

Earth  sciences . 

_  380.034 

2.2 

215,982 

164,052 

56.8 

43.2 

Oceanography . 

_  396,403 

2.2 

267,903 

128,500 

67.6 

32,4 

Other . 

_  167,021 

0.9 

88,307 

78,714 

52.9 

47.1 

Life  sciences . 

...  9,492,902 

53.9 

5,402,408 

4,090,494 

56.9 

43.1 

Agricultural  sciences . 

_  1 ,463,848 

8.3 

379.108 

1 ,084,740 

25.9 

74.1 

Biological  sciences . 

_  3,056,719 

17.3 

1 ,950.9''5 

1,105,814 

63.8 

36.2 

Medical  sciences . 

_  4,569,054 

25.9 

2,830,739 

1,738,315 

62.0 

38.0 

Other . 

_  403,281 

2.3 

241 ,656 

161,625 

59.9 

40.1 

Psychology . 

_  293,440 

1.7 

194,267 

99,173 

66.2 

33.8 

Social  sciences . 

745,988 

4.2 

247,188 

498,800 

33.1 

66.9 

Economics . 

_  210,296 

1.2 

58,800 

151,496 

28.0 

72.0 

Political  science . 

_  121,465 

0.7 

28,800 

92,665 

23.7 

76.3 

Sociology . 

_  157,806 

0.9 

71,615 

86,191 

45.4 

54.6 

Other . 

_  256,421 

1.5 

87,973 

168,448 

34.3 

65.7 

Other  sciences . 

_  364,408 

2.1 

127,541 

236,867 

35.0 

65.0 

Engineering . 

_  2,892,750 

18.4 

1,630.945 

1,261,805 

564 

43.6 

Aeronautical/astronautlcal . 

_  174,321 

1.0 

131,708 

42,613 

75.6 

244 

Chemical . 

_  238,553 

1.4 

114,310 

124,243 

47.9 

52.1 

Civil . 

_  315,134 

1.8 

122,874 

192,260 

39.0 

61,0 

Electrical/electronic . 

_  682,213 

3.9 

437,494 

244,719 

64.1 

35.9 

Mechanical . 

....  415,071 

2.4 

243,182 

171,889 

58.6 

41,4 

Other  . 

_  1 ,067,458 

6.1 

581,377 

486,081 

54.5 

45.5 

'See  appendix  table  5-2  for  detail  on  nonfederal  sources. 

SOURCES:  Science  Resources  Studies  Division  (SRS).  National  Science  Foundation,  Academic  Science  and  Engineering:  RSD  Expenditures:  Fiscal  Year  1991. 
Detailed  Statistical  Tables,  NSF  93-308  (Washington.  DC:  NSF.  1993);  and  SRS.  unpublished  tabulations. 
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Appendix  table  5-7. 

Expenditures  for  academic  R&D,  by  fieid:  1981-91 

(page  1  of  2) 


Field 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Millions  of  current  dollars 

Total  S&E 

.  6,847 

7,323 

7,881 

8,620 

9,686 

10,928 

12.154 

13,466 

15,016 

16.344 

17.620 

Total  sciences . 

.  5,880 

6,295 

6,759 

7,388 

8.268 

9.287 

10,261 

1 1 ,369 

12,617 

13,682 

14,727 

Physical  sciences . 

766 

824 

901 

1,001 

1.149 

1,287 

1,391 

1,546 

1,638 

1.796 

1,937 

Astronomy . 

67 

73 

73 

80 

96 

102 

108 

127 

137 

170 

210 

Cl  emistry . 

285 

308 

335 

372 

421 

470 

514 

565 

608 

650 

670 

Physics . 

358 

367 

418 

474 

551 

631 

667 

732 

775 

832 

883 

Other . 

56 

75 

74 

74 

80 

85 

103 

122 

119 

145 

174 

Mathematical  sciences .... 

87 

96 

106 

123 

128 

152 

177 

199 

214 

220 

229 

Computer  sciences . 

144 

164 

186 

224 

281 

321 

372 

409 

472 

509 

544 

Environmental  sciences  .  . 

550 

558 

617 

645 

705 

775 

835 

889 

1,009 

1,073 

1,120 

Atmospheric  sciences  .  . 

87 

86 

98 

102 

108 

120 

128 

134 

167 

173 

176 

Earth  sciences . 

190 

195 

216 

228 

254 

274 

284 

294 

323 

354 

380 

Oceanography . 

192 

198 

224 

237 

258 

280 

300 

333 

365 

383 

396 

Other  . 

81 

78 

79 

79 

85 

101 

122 

128 

155 

162 

167 

Lite  sciences . 

.  3,695 

4,013 

4,303 

4,711 

5,278 

5,890 

6,527 

7,256 

8,079 

8  762 

9,493 

Agricultural  sciences  .... 

790 

864 

921 

954 

999 

1,089 

1,121 

1,176 

1,286 

1  356 

1,464 

Biological  sciences . 

.  1,189 

1,286 

1,419 

1,573 

1,780 

1,945 

2,142 

2,397 

2,638 

2,855 

3,057 

Medical  sciences . 

.  1 ,605 

1,739 

1,830 

2,034 

2,318 

2,616 

3,000 

3,378 

3,828 

4,182 

4,569 

Other . 

111 

123 

132 

150 

181 

240 

264 

304 

327 

370 

403 

Psychology . 

127 

131 

136 

145 

158 

170 

188 

213 

237 

258 

293 

Social  sciences . 

367 

354 

345 

359 

383 

463 

503 

553 

637 

702 

746 

Economics . 

99 

95 

98 

109 

118 

136 

150 

163 

188 

202 

210 

Political  science . 

55 

60 

55 

56 

59 

69 

81 

87 

104 

112 

121 

Sociology . 

95 

80 

78 

71 

76 

97 

97 

110 

122 

134 

158 

Other  . 

117 

118 

114 

123 

130 

161 

175 

192 

223 

254 

256 

Other  sciences . 

145 

156 

165 

180 

186 

228 

269 

304 

331 

360 

364 

Engineering . 

967 

1,028 

1,122 

1,232 

1,418 

1,641 

1,892 

2,097 

2,399 

2,663 

2,893 

Aeronautical/astronautical  . 

54 

62 

68 

70 

81 

94 

108 

123 

145 

159 

174 

Chemical . 

86 

89 

96 

102 

116 

132 

148 

163 

194 

215 

239 

Civil . 

109 

116 

127 

140 

153 

178 

191 

225 

247 

285 

315 

Electrical/electronic . 

193 

218 

262 

295 

337 

395 

451 

510 

600 

668 

682 

Mechanical . 

141 

143 

149 

179 

208 

228 

275 

304 

344 

393 

415 

Other . 

384 

399 

420 

447 

523 

613 

719 

773 

869 

943 

1,067 

(continued) 
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Appendix  table  5-7. 

Expenditures  for  academic  R&D,  by  fleid:  1981-91 

(page  2  of  2) 


Field 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

Total  S&E . 

.  8,800 

8,760 

9,059 

9,483 

10,272 

11,254 

12,154 

12,998 

13,878 

14,502 

15,086 

Total  aclencas . 

7,557 

7,530 

7,769 

8,127 

8,768 

9,564 

10,261 

10,974 

11,661 

12,140 

12,609 

Physical  sciences . 

985 

986 

1,035 

1,101 

1,218 

1,326 

1,391 

1,492 

1,514 

1,594 

1,658 

Astronomy . 

86 

87 

84 

89 

102 

105 

108 

122 

126 

150 

180 

Chemistry . 

366 

369 

385 

409 

447 

484 

514 

546 

562 

577 

574 

Physics . 

460 

439 

480 

521 

585 

650 

667 

706 

716 

738 

756 

Other . 

72 

90 

85 

82 

85 

87 

103 

118 

110 

129 

149 

Mathematical  sciences .... 

112 

115 

122 

135 

136 

156 

177 

192 

197 

196 

196 

Computer  sciences . 

185 

196 

214 

247 

298 

331 

372 

394 

436 

452 

466 

Environmental  sciences  . . . 

707 

668 

709 

710 

747 

798 

835 

858 

933 

952 

959 

Atmospheric  sciences  . . . 

112 

103 

113 

112 

114 

124 

128 

129 

154 

154 

151 

Earth  sciences . 

244 

233 

248 

250 

269 

283 

284 

284 

298 

314 

325 

Oceanography . 

247 

237 

257 

260 

274 

288 

300 

322 

338 

340 

339 

Other . 

104 

94 

90 

87 

91 

104 

122 

123 

143 

144 

143 

Life  sciences . 

4,749 

4,800 

4,946 

5,183 

5,597 

6,066 

6,527 

7,004 

7,467 

7,775 

8,127 

Agricultural  sciences  .... 

1,015 

1,034 

1,059 

1,050 

1,060 

1,122 

1,121 

1,135 

1,189 

1,204 

1,253 

Biological  sciences . 

1,528 

1,539 

1,631 

1,730 

1,887 

2,003 

2,142 

2,314 

2,438 

2,533 

2,617 

Medical  sciences . 

2,063 

2,080 

2,104 

2,237 

2,459 

2,694 

3,000 

3,260 

3,538 

3,710 

3,912 

Other . 

142 

147 

152 

166 

192 

247 

264 

294 

303 

328 

345 

Psychology . 

163 

156 

156 

160 

168 

175 

188 

206 

219 

229 

251 

Social  sciences . 

471 

423 

397 

395 

407 

477 

503 

533 

589 

623 

639 

Economics . 

127 

114 

113 

119 

125 

140 

150 

158 

174 

179 

180 

Political  science . 

71 

72 

63 

62 

63 

71 

81 

84 

96 

99 

104 

Sociology . 

122 

96 

90 

78 

80 

100 

97 

106 

113 

119 

135 

Other . 

150 

141 

131 

136 

138 

166 

175 

186 

206 

225 

220 

Other  sciences . 

186 

186 

189 

197 

198 

235 

269 

294 

306 

320 

312 

Engineering . 

1,243 

1,230 

1,290 

1,355 

1,504 

1,690 

1,892 

2,024 

2,217 

2,363 

2,477 

Aeronautical/astronautical  . 

70 

75 

79 

77 

85 

97 

108 

119 

134 

141 

149 

Chemical . 

110 

107 

110 

112 

123 

136 

148 

157 

179 

191 

204 

Civil . 

140 

139 

145 

154 

162 

183 

191 

217 

228 

253 

270 

Electrical/electronic . 

248 

261 

301 

325 

358 

407 

451 

492 

555 

592 

584 

Mechanical . 

181 

171 

172 

197 

220 

235 

275 

293 

318 

348 

355 

Other . 

494 

478 

483 

492 

554 

632 

719 

746 

803 

837 

914 

S&E  =  science  and  engineering. 

'See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES:  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation.  Academic  Science  and  Engineering:  RSD  Expenditures:  Fiscal  Year  1991, 
Detailed  Statistical  Tables,  NSF  93-308  (Washington,  DC:  NSF.  1993):  and  SRS,  unpublished  tabulations. 

See  figure  5-4.  Science  t  Engineering  Indicators  - 1993 


Appendix  table  5-8. 

Federal  financing  of  academic  R&D  funds,  by  field:  1973-91 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-9. 

Federal  obligations  for  academic  R&D,  by  agency:  1971-93 

(page  1  of  2) 


All 

agencies 

National 
Institutes 
of  Health 

National 

Science 

Foundation 

Department 
of  Defense 

National 
Aeronautics  & 
Space  Admin. 

Department 
of  Energy' 

Department 
of  Agriculture 

All 

Other 

agencies 

iviiiiiuii^  uuiidfb 

1971 . 

1 .645 

603 

267 

211 

134 

94 

72 

264 

1972 . 

1 .904 

756 

362 

217 

119 

85 

87 

277 

1973 . 

1.917 

761 

374 

204 

111 

83 

94 

289 

1974 . 

2,214 

1,027 

389 

197 

99 

94 

95 

312 

1975 . 

2,411 

1,077 

435 

203 

108 

132 

108 

348 

1976 . 

2,552 

1,185 

437 

240 

119 

145 

120 

307 

1977 . 

2,905 

1.311 

511 

273 

118 

188 

140 

364 

1978 . 

3,375 

1,493 

537 

383 

127 

240 

186 

408 

1979 . 

3,889 

1,765 

617 

438 

139 

260 

200 

470 

1980 . 

4,263 

1,888 

685 

495 

158 

285 

216 

536 

1981 . 

4,466 

1,984 

702 

573 

171 

300 

243 

492 

1982 . 

4.605 

2,026 

715 

664 

186 

277 

255 

483 

1983 . 

4,966 

2,264 

783 

724 

189 

297 

275 

434 

1984 . 

5,547 

2,560 

880 

830 

204 

321 

261 

491 

1985 . 

6.340 

2,974 

1,002 

940 

237 

357 

293 

536 

1986 . 

6,559 

3,044 

992 

1,098 

254 

345 

274 

553 

1987 . 

7,337 

3,638 

1,096 

1,017 

294 

386 

280 

626 

1988 . 

7,828 

3,886 

1,143 

1,071 

338 

406 

305 

678 

1989 . 

8,672 

4,157 

1,254 

1.189 

434 

454 

328 

858 

1990 . 

9,142 

4,305 

1,321 

1,213 

471 

500 

348 

984 

1991 . 

.  .  10,169 

4,662 

1,436 

1,152 

534 

621 

386 

1,379 

1992  (est.).  .  . 

.  .  11 .298 

4,922 

1,574 

1,599 

632 

640 

424 

1,507 

1993  (est.).  .  . 

.  .  11 .764 

5,181 

1,838 

1,558 

675 

576 

416 

1,519 

Millions  of  constant  1987  dollars^ 

— 

1971 . 

4,531 

1,662 

734 

581 

369 

259 

198 

727 

1972 . 

4,983 

1,979 

949 

567 

312 

221 

229 

726 

1973 . 

4,768 

1,893 

932 

507 

277 

206 

234 

719 

1974 . 

5,113 

2,372 

899 

456 

228 

217 

219 

722 

1975 . 

5,066 

2,262 

914 

427 

227 

277 

227 

732 

1976 . 

4,984 

2,314 

853 

470 

232 

283 

234 

599 

1977 . 

5,245 

2,367 

922 

493 

212 

340 

253 

657 

1978 . 

5,662 

2,505 

901 

643 

213 

403 

313 

684 

1979 . 

6,011 

2,728 

953 

677 

214 

402 

309 

727 

1980 . 

6,039 

2,674 

970 

702 

223 

404 

307 

759 

1981 . 

5.740 

2,551 

902 

736 

220 

386 

312 

632 

1982 . 

5,509 

2,423 

855 

794 

222 

331 

305 

578 

1983 . 

5,709 

2,602 

900 

832 

218 

341 

316 

499 

1984 . 

6,102 

2,816 

968 

913 

224 

353 

287 

540 

1985 . 

6,723 

3,154 

1,062 

997 

252 

379 

311 

568 

1986 . 

6,755 

3,135 

1,021 

1,131 

262 

355 

282 

570 

1987 . 

7,337 

3,638 

1,096 

1,017 

294 

386 

280 

626 

1988 . 

7,556 

3,751 

1,104 

1,034 

326 

392 

294 

655 

1989 . 

8,015 

3,842 

1,159 

1,099 

401 

419 

303 

793 

1990 . 

8,112 

3.820 

1,172 

1,076 

418 

444 

309 

873 

1991 . 

8,706 

3,992 

1,229 

986 

457 

531 

330 

1,180 

1992  (est.).  .  . 

9,407 

4,098 

1,311 

1,331 

526 

533 

353 

1,255 

1993  (est.).  .  . 

9,564 

4,212 

1,494 

1,267 

549 

468 

338 

1,235 

(continued) 


«  401 


Science  &  Engineering  Indicators  -  1993 


Appendix  table  5-9. 

Federal  obligations  for  academic  R&D,  by  agency:  1971-93 

(page  2  of  2) 


All 

agencies 

National 
Institutes 
of  Health 

National 

Science 

Foundation 

Department 
of  Defense 

National 
Aeronautics  & 
Space  Admin. 

Department 
of  Energy' 

Department 
of  Agriculture 

All 

Other 

agencies 

— 

_ 

Percent 

— 

1971 . 

.  .  100.0 

36.7 

16.2 

12.8 

8.2 

5.7 

4.4 

16.0 

1972 . 

.  .  100.0 

39.7 

19.0 

11.4 

6.3 

4.4 

4.6 

14.6 

1973 . 

.  .  100.0 

39.7 

19.5 

10.6 

5.8 

4.3 

4.9 

15.1 

1974 . 

.  .  100.0 

46.4 

17.6 

8.9 

4.5 

4.2 

4.3 

14.1 

1975 . 

.  .  100.0 

44.6 

18.0 

8.4 

4.5 

5.5 

4.5 

14.4 

1976 . 

.  .  100.0 

46.4 

17.1 

9.4 

4.7 

5.7 

4.7 

12.0 

1977 . 

.  .  100.0 

45.1 

17.6 

9.4 

4.0 

6.5 

4.8 

12.5 

1978 . 

.  .  100.0 

44.2 

15.9 

11.4 

3.8 

7.1 

5.5 

12,1 

1979 . 

.  .  100.0 

45.4 

15.9 

11.3 

3.6 

6.7 

5.1 

12.1 

1980 . 

.  .  100.0 

44.3 

16.1 

11.6 

3.7 

6.7 

5.1 

12.6 

1981 . 

.  .  100.0 

44.4 

15.7 

12.8 

3.8 

6.7 

5.4 

11.0 

1982 . 

.  .  100.0 

44.0 

15.5 

14.4 

4.0 

6.0 

5.5 

10.5 

1983 . 

.  .  100.0 

45.6 

15.8 

14.6 

3.8 

6.0 

5.5 

8.7 

1984 . 

.  .  100.0 

46.2 

15.9 

15.0 

3.7 

5.8 

4.7 

8.8 

1985 . 

.  .  100.0 

46.9 

15.8 

14.8 

3.7 

5.6 

4.6 

8.5 

1986 . 

.  .  100.0 

46.4 

15.1 

16.7 

3.9 

5.3 

4.2 

8.4.0 

1987 . 

.  .  100.0 

49.6 

14.9 

13.9 

4.0 

5.3 

3.8 

8.5 

1988 . 

.  .  100.0 

49.6 

14.6 

13.7 

4.3 

5.2 

3.9 

8.7 

1989 . 

.  .  100.0 

47.9 

14.5 

13.7 

5.0 

5.2 

3.8 

9.9 

1990 . 

.  .  100.0 

47.1 

14.4 

13.3 

5.2 

5.5 

3.8 

10.8 

1991 . 

.  .  100.0 

45.9 

14.1 

11.3 

5.2 

6.1 

3.8 

13.6 

1992  (est.).  .  . 

.  .  100.0 

43.6 

13.9 

14.1 

5.6 

5.7 

3.8 

13.3 

1993  (est.).  .  . 

.  .  100.0 

44.0 

15.6 

13.2 

5.7 

4.9 

3.5 

12.9 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

'Data  for  1971-73  are  for  the  Atomic  Energy  Commission;  for  1974-76.  the  Energy  Research  and  Development  Administration;  and  for  1977-93.  the  Department  of 
Energy. 

^See  appendix  table  4-1  for  GDP  implicit  price  deflators  used  to  convert  current  dollars  to  constant  1987  dollars. 

SOURCES:  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation.  Federal  Funds  for  Research  and  Development:  Fiscal  Years  1991.  1992.  and 
1993 (Washington,  DC:  NSF.  1993);  and  SRS,  annual  series. 
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Appendix  table  5-10. 

Number  of  academic  inatitutions  receiving  federai  R&D  aupport,  by  fieid:  1971, 1981,  and  1991 


Research  &  doctoral  All  other 

All  Carnegie  institutions'  institutions  Carnegie  institutions 


Field 

1971 

1981 

1991 

1971 

1981 

1991 

1971 

1981 

1991 

Total  science  &  engineering  . . 

565 

618 

759 

207 

203 

204 

358 

415 

555 

Physical  sciences . 

279 

322 

414 

178 

181 

189 

101 

141 

225 

Mathematical  sciences . 

159 

180 

282 

140 

144 

164 

19 

36 

118 

Computer  sciences^ . 

NA 

117 

240 

NA 

102 

181 

NA 

15 

59 

Environmental  sciences . 

192 

246 

319 

137 

152 

174 

55 

94 

145 

Life  sciences . 

378 

454 

514 

191 

192 

195 

187 

262 

319 

Psychology . 

304 

222 

231 

171 

148 

153 

133 

74 

78 

Social  sciences . 

330 

322 

301 

172 

166 

161 

158 

156 

140 

Engineering . 

232 

256 

313 

154 

169 

180 

78 

87 

133 

NA :::  not  available 


NOTES:  Since  1989,  the  Department  of  Defense  (DOD)  no  longer  provides  detailed  R&D  funding  information  by  science  field.  Therefore.  1991  data  cited  here  do  not 
reflect  those  institutions  that  received  federal  R&D  funding  in  a  particular  field  only  from  DOD.  Details  do  not  add  to  totals  because  institutions  may  receive  grants  in 
more  than  one  field. 

'See  chapter  2,  “Classification  of  Academic  Institutions,"  for  information  on  the  institutional  categories  used  by  the  Carnegie  Foundation  lor  the  Advancement  of 
Teaching. 

^Data  on  computer  sciences  were  not  separately  reported  in  1 971 . 

SOURCES:  Science  Resources  Studies  Division  (SRS),  National  Science  Foundation,  Federal  Support  to  Universities,  Colleges,  and  Nonprofit  InstitutioHii:  Fiscal 
Year  t990,  Detailed  Statistical  Tables,  NSF  92-324  (Washington,  DC:  NSF,  1992);  and  SRS,  unpublished  tabulations. 

See  figure  5-5.  Science  &  Engineering  Indicators  - 1993 


Appendix  table  5-1 1 . 

Cost  of  new  academic  R&D  construction,  by  fieid:  1986-93 


Total  cost'  Cost  per  square  foot 


Field 

1986-87 

actual 

1988-89 

actual 

1990-91 

actual 

1992-93 

planned 

1986-87 

actual 

1988-89 

actual 

1990-91 

actual 

1992-93 

planned 

- 

- Millions  of  dollars - 

—  ... 

Dollars 

Total,  all  fields . 

2,051 

2,464 

2,976 

3,214 

207 

231 

260 

259 

Physical  sciences . 

182 

401 

430 

282 

228 

201 

267 

392 

Mathematical  sciences . 

2 

8 

12 

4 

222 

320 

=  1 

154 

Computer  sciences . 

61 

65 

40 

120 

257 

227 

137 

268 

Environmental  sciences . 

57 

82 

170 

110 

150 

253 

321 

139 

Agricultural  sciences . 

150 

152 

175 

199 

99 

133 

183 

169 

Biological  sciences . 

463 

577 

832 

780 

271 

255 

297 

277 

Medical  sciences . 

505 

647 

807 

996 

259 

287 

273 

260 

Psychology . 

23 

25 

/  'SA 

50 

174 

217 

327 

Social  sciences . 

38 

48 

115 

188 

146 

276 

Other  sciences . 

139 

70 

79 

87 

231 

167 

208 

279 

Engineering . 

430 

388 

395 

471 

180 

260 

233 

273 

NOTES:  Data  for  2  years  are  combined — e.g.,  1988-89  refers  to  2  fiscal  years.  In  the  1990-91  period,  date  were  not  differentiated  between  psychology  and  the  social 
sciences. 

'Project  cost  estimates  are  prorated  to  reflect  R&D  component  only. 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation,  Scientific  and  Engineering  Research  Facilities  at  Universities  and  Colleges:  1992,  NSF 
92-325  (Washington,  DC:  NSF,  1993). 
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Appendix  table  5-12. 

Square  footage  of  total,  new  construction,  and  renovation  of  academic  R&D  space,  by  field:  1986-93 
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See  figure  5-7.  Scierrce  S  Engineering  Indicators  - 1993 


Appendix  table  5-14. 

Doctoral  scientists  and  engineers  employed  by  academic  institutions  and  those  active  in  R&D,  by  field  and  sex:  1979, 1981, 1989,  and  1991 
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Appendix  table  5-1 6. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  field,  race/ethnicity,  and  sex: 
1979,  1981,1989,  and  1991 

(page  1  of  3) 


Field  and  race/ethnicity 

1979 

Total  employment 

1981  1989 

1991 

1979 

Total  with  responsibility  for  R&D 

1981  1989 

1991 

Total 

Total  science  &  engineering 

White . 

....  127,249 

136.984 

162,105 

153,493 

82,595 

87,526 

122,792  1 

14,882 

Asian . 

....  4,604 

6,340 

9,768 

15,132 

3,630 

4,977 

8,572 

13,105 

Black . 

_  1,263 

1,689 

2,579 

4,223 

707 

717 

1,543 

2.770 

Hispanic . 

....  1,453 

1,596 

2,453 

3,838 

931 

1,049 

2,030 

3,038 

Native  American . 

....  243 

217 

365 

348 

176 

156 

242 

248 

Physical  sciences 

White . 

_  18,664 

19,218 

20,146 

18,593 

12,430 

12,690 

15,447 

13,779 

Asian . 

....  834 

1,101 

1,212 

2,205 

598 

790 

987 

1,894 

Black . 

....  122 

146 

251 

381 

90 

• 

194 

196 

Hispanic . 

....  220 

275 

302 

513 

157 

200 

247 

348 

Native  American . 

* 

* 

78 

• 

* 

* 

* 

• 

Mathematics 

White . 

_  9,665 

9,456 

10,117 

10,531 

5,481 

5,448 

7,141 

7,286 

Asian . 

....  325 

617 

795 

1,257 

252 

372 

607 

1,051 

Black . 

....  108 

131 

121 

155 

51 

52 

69 

104 

Hispanic . 

....  105 

142 

112 

372 

71 

85 

86 

287 

Native  American . 

• 

• 

• 

* 

* 

* 

* 

• 

Computer  sciences 

White . 

_  1,837 

2,352 

4,390 

4,999 

1,193 

1,461 

2,951 

3,353 

Asian . 

....  106 

124 

290 

863 

96 

112 

199 

733 

Black . 

* 

* 

• 

57 

* 

* 

* 

50 

Hispanic . 

* 

• 

96 

62 

* 

• 

91 

• 

Native  American . 

• 

* 

* 

• 

• 

* 

• 

* 

Environmental  sciences 

White . 

4,666 

5,321 

6,018 

6,171 

3,569 

4,029 

5,368 

5,422 

Asian . 

• 

79 

223 

235 

• 

54 

204 

215 

Black . 

• 

• 

• 

• 

* 

• 

* 

• 

Hispanic . 

' 

58 

128 

184 

* 

* 

110 

162 

Native  American . 

* 

• 

♦ 

• 

* 

• 

* 

• 

Lite  sciences 

White . 

_  41,791 

45,177 

56,792 

54,151 

30,861 

33,624 

46,278 

43,770 

Asian . 

-  1,610 

2,463 

3,598 

5,056 

1,444 

2.193 

3,195 

4,559 

Black . 

....  477 

571 

797 

1,310 

315 

322 

566 

989 

Hispanic . 

....  473 

565 

898 

1,072 

396 

436 

810 

932 

Native  American . 

* 

56 

79 

93 

* 

* 

67 

71 

Psychology 

White . 

_  14,631 

16,034 

18,589 

16,390 

7,322 

8,142 

10,867 

9,816 

Asian . 

....  133 

225 

317 

390 

54 

160 

217 

268 

Black . 

....  219 

318 

519 

726 

86 

99 

216 

380 

Hispanic . 

....  99 

159 

311 

321 

65 

81 

172 

163 

Native  American . 

* 

• 

* 

* 

* 

* 

• 

* 

Social  sciences 

White . 

_  24,476 

26,600 

30,297 

27,639 

13,207 

14,345 

22,365 

19,340 

Asian . 

....  609 

787 

1,247 

1,862 

247 

515 

1,124 

1,546 

Black . 

....  307 

447 

788 

1,360 

157 

169 

444 

859 

Hispanic . 

....  215 

204 

393 

811 

123 

114 

331 

675 

Native  American . 

....  96 

68 

132 

129 

59 

* 

81 

97 

Engineering 

White . 

_  11,519 

12,826 

15,756 

15,019 

8,532 

7,787 

12,375 

12,116 

Asian . 

....  951 

944 

2,086 

3,264 

906 

781 

2,039 

2,839 

Black . 

* 

63 

72 

227 

* 

* 

* 

185 

Hispanic . 

....  273 

168 

213 

503 

84 

93 

183 

425 

Native  American . 

* 

* 

* 

• 

* 

* 

* 

(continued) 
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Appendix  table  5-16. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  field,  race/ethnicity,  and  sex: 
1979, 1981,1989,  and  1991 

(page  2  of  3) 


Total  employment  Total  with  .  asponsibility  for  R&D 


Field  and  race/ethnIcity 

1979 

1981 

1989 

1991 

1979 

1981 

1989 

1991 

ivion 

Total  scienco  &  engineering 

White . 

...  111,819 

119,131 

132,728 

122,741 

73,583 

76,633 

101,602 

93,316 

Asian . 

4,036 

5,494 

8,217 

12,634 

3,242 

4,342 

7,256 

11,100 

Black . 

912 

1,189 

1,665 

2.846 

533 

472 

1,013 

1,834 

Hispanic . 

1,273 

1,384 

1,844 

3,025 

812 

913 

1,567 

2,422 

Native  American . 

225 

201 

296 

268 

159 

141 

191 

202 

Physical  sciences 

White . 

.  .  .  17,493 

17,871 

18,360 

16,990 

11,790 

11,898 

14,196 

12,803 

Asian . 

723 

974 

1,032 

1,860 

530 

706 

853 

1,651 

Black . 

112 

135 

227 

331 

82 

* 

172 

158 

Hispanic . 

205 

256 

258 

455 

150 

195 

213 

306 

Native  American . 

• 

* 

78 

• 

* 

* 

* 

• 

Mathematics 

White . 

9,003 

8,725 

9,177 

9,565 

5,165 

5,087 

6,628 

6,648 

Asian . 

267 

559 

680 

1,065 

219 

347 

522 

916 

Black . 

99 

116 

99 

124 

50 

50 

58 

85 

Hispanic . 

102 

134 

103 

335 

70 

81 

79 

254 

Native  American . 

* 

• 

• 

* 

* 

• 

* 

• 

Computer  sciences 

White . 

1,737 

2,197 

3,978 

4,427 

1,131 

1,372 

2,641 

2.953 

Asian . 

101 

117 

270 

755 

91 

108 

181 

676 

Black . 

• 

• 

• 

• 

* 

• 

• 

• 

Hispanic . 

• 

89 

62 

• 

• 

89 

• 

Native  American . 

• 

• 

• 

• 

* 

• 

* 

• 

Environmental  sciences 

White . 

4,421 

5,024 

5.412 

5,488 

3,398 

3,804 

4,823 

4,812 

Asian . 

* 

75 

199 

206 

* 

50 

180 

186 

Black . 

• 

• 

* 

« 

• 

* 

* 

• 

Hispanic . 

• 

51 

118 

177 

• 

• 

103 

155 

Native  American . 

* 

• 

• 

• 

• 

• 

• 

* 

Life  sciences 

White . 

.  .  .  35,395 

37,915 

43,689 

39,945 

26,342 

28.305 

35,970 

33,041 

Asian . 

1,345 

2,001 

2.729 

3,740 

1,240 

1,790 

2,398 

3.367 

Black . 

295 

369 

433 

841 

218 

209 

337 

657 

Hispanic . 

398 

479 

664 

731 

337 

375 

613 

649 

Native  American . 

* 

* 

* 

54 

* 

* 

• 

51 

Psychology 

White . 

...  11,398 

12,041 

12.465 

10,167 

5.796 

6,235 

7,368 

6,326 

Asian . 

84 

123 

170 

236 

♦ 

100 

105 

196 

Black . 

144 

169 

241 

330 

52 

• 

80 

111 

Hispanic . 

50 

120 

165 

180 

* 

62 

96 

112 

Native  American . 

* 

* 

* 

• 

* 

* 

* 

* 

Social  sciences 

White . 

.  .  20,935 

22,642 

24,323 

21,675 

11,493 

12,231 

17,990 

15,106 

Asian . 

543 

712 

1,095 

1,577 

204 

469 

1,015 

1,338 

Black . 

233 

332 

573 

969 

123 

108 

317 

621 

Hispanic . 

177 

153 

245 

618 

94 

76 

202 

511 

Native  American . 

96 

68 

116 

105 

59 

* 

68 

73 

Engineering 

White . 

.  ..  11,437 

12,716 

15,324 

14,484 

8,468 

7,701 

11,986 

11,627 

Asian . 

941 

933 

2,042 

3,195 

896 

772 

2,002 

2,770 

Black . 

* 

63 

65 

202 

* 

* 

* 

160 

Hispanic . 

273 

166 

202 

467 

84 

91 

172 

389 

Native  American . 

* 

* 

♦ 

* 

* 

* 

* 

* 

(continued) 
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Appendix  table  5-16. 

Academic  employment  and  R&D  activity  of  doctoral  scientists  and  engineers,  by  field,  race/ethnicity,  and  sex; 
1979, 1981, 1989,  and  1991 

(page  3  of  3) 


Field  and  race/ethnicity 

1979 

Total  employment 

1981  1989 

1991 

1979 

Total  with  responsibility  tor  R&D 

1981  1989 

1991 

Women 

Total  science  &  engineering 

White . 

15,430 

17,853 

29,377 

30,752 

9,012 

10,893 

21.190 

21,566 

Aslan . 

568 

846 

1,551 

2.498 

388 

635 

1.316 

2,005 

Black . 

351 

500 

914 

1.377 

174 

245 

530 

936 

Hispanic . 

180 

212 

609 

813 

119 

136 

463 

616 

Native  American . 

• 

67 

80 

' 

51 

Physical  sciences 

White . 

1,171 

1,347 

1,786 

1,603 

640 

792 

1.251 

976 

Asian . 

111 

127 

180 

345 

68 

84 

134 

243 

Black . 

• 

• 

50 

• 

• 

• 

* 

Hispanic . 

* 

• 

* 

58 

• 

• 

* 

• 

Native  American . 

• 

* 

• 

• 

• 

* 

• 

• 

Mathematics 

White . 

662 

731 

940 

966 

316 

361 

513 

638 

Asian  .  . 

58 

58 

115 

192 

* 

* 

85 

135 

Black .  . 

• 

• 

• 

• 

* 

* 

• 

• 

Hispani . 

* 

• 

* 

* 

• 

* 

• 

• 

Native  American . 

* 

• 

• 

• 

• 

• 

• 

• 

Computer  sciences 

White . 

100 

155 

412 

572 

62 

89 

310 

400 

Asian . 

• 

* 

• 

ICS 

• 

• 

* 

57 

Black . 

• 

• 

• 

• 

• 

• 

• 

• 

Hispanic . 

• 

* 

* 

• 

• 

• 

* 

• 

Native  American . 

• 

* 

• 

* 

* 

* 

* 

• 

Environmental  sciences 

White . 

245 

297 

606 

683 

171 

225 

545 

610 

Asian . 

• 

• 

* 

• 

* 

• 

• 

Black . 

• 

• 

• 

• 

* 

• 

• 

* 

Hispanic . 

• 

• 

• 

• 

• 

• 

• 

• 

Native  American . 

• 

• 

• 

• 

• 

• 

* 

• 

Life  sciences 

White . 

6,396 

7,262 

13,103 

14,206 

4,519 

5,319 

10,308 

10,729 

Asian . 

265 

462 

869 

1,316 

204 

403 

797 

1,192 

Black . 

182 

202 

364 

469 

97 

113 

229 

332 

Hispanic . 

75 

86 

234 

341 

59 

61 

197 

283 

Native  American . 

• 

• 

* 

• 

* 

• 

* 

• 

Psychology 

White . 

3,233 

3,993 

6,124 

6,223 

1,526 

1,907 

3,499 

3,490 

Asian . 

* 

102 

147 

154 

• 

60 

112 

72 

Black . 

75 

149 

278 

396 

* 

55 

136 

269 

Hispanic . 

• 

* 

146 

141 

* 

* 

76 

51 

Native  American . 

• 

• 

• 

• 

* 

* 

• 

• 

Social  sciences 

White . 

3,541 

3,958 

5,974 

5,964 

1,714 

2,114 

4,375 

4,234 

Asian . 

66 

75 

152 

285 

* 

* 

109 

208 

Black . 

74 

115 

215 

391 

* 

61 

127 

238 

Hispanic . 

• 

51 

148 

193 

• 

* 

129 

164 

Native  American . 

• 

« 

• 

• 

• 

* 

* 

• 

Engineering 

White . 

82 

110 

432 

535 

64 

86 

389 

489 

Asian . 

* 

* 

69 

* 

• 

* 

69 

Black . 

* 

* 

* 

* 

• 

• 

* 

• 

Hispanic . 

* 

• 

* 

* 

* 

• 

* 

• 

Native  American . 

' 

' 

•  =  too  few  cases  in  survey  to  estimate  population  values 

NOTES:  Details  cannot  be  aggregated  to  totals  because  of  small  sample  sizes.  Data  reflect  the  composition  of  survey  respondents  whose  field  of  employment, 
race/ethnicity.  sex.  and  primary  and  secondary  work  responsibilities  are  known.  Data  are  weighted  estimates  from  sample  sunreys.Small  numbers  are  subject  to 
especially  variability  and  may  not  accurately  reflect  population  patte  .is. 

SOURCE  Science  Resources  Studies  Division.  National  Science  Foundation  (NSF).  Characteristics  of  Doctoral  Scientists  and  Engineers  1991  (Washington.  DC 
NSF.  forthcoming);  and  NSF.  unpublished  tabulations. 

See  text  table  5-5 
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Appendix  table  5-1 8. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships, 
by  support  source  and  field:  1979-91 

(page  l  of  3) 


Full-time  graduate  students 

Total 

Federal 

Nonfederal 

Total 

Federal 

Nonfederal 

Total 

with  RAs 

RAs 

RAs 

with  RAs 

RAs 

RAs 

Total  science  and  engineering 

1979 . 

_  232,376 

48,999 

28,016 

20,983 

21.1 

12.1 

9.0 

1980 . 

_  238.868 

51 ,594 

29,329 

22,265 

21.6 

12.3 

9.3 

1981 . 

_  242,777 

52,752 

29,149 

23,603 

21.7 

12.0 

9.7 

1982 . 

_  245,378 

52,563 

28,293 

24,270 

21.4 

11.5 

9.9 

1983 . 

_  252,846 

54,923 

29,144 

25,779 

21.7 

11.5 

10.2 

1984 . 

_  254,735 

57,771 

29,457 

28,314 

22.7 

11.6 

11.1 

1985 . 

_  258,241 

61,040 

30,432 

30,608 

23.6 

11.8 

11.9 

1986 . 

_  267,075 

66,071 

32,747 

33,324 

24.7 

12.3 

12.5 

1987 . 

_  271 ,772 

70,221 

34,966 

35,255 

25.8 

12.9 

13.0 

1988 . 

_  276,225 

74,568 

36,741 

37,827 

27.0 

13.3 

13.7 

1989 . 

_  283,849 

79,116 

38,552 

40,564 

27.9 

13.6 

14.3 

1990 . 

....  288,981 

79,595 

38,022 

41 ,573 

27.5 

13.2 

14.4 

1991 . 

_  308,669 

84,901 

40,609 

44,292 

27.5 

13.2 

14.3 

Physical  sciences 

1979 . 

_  22,535 

7,806 

6,512 

1,294 

34,6 

28.9 

5.7 

1980 . 

_  22,918 

8,340 

6,980 

1,360 

36.4 

30.5 

5.9 

1981 . 

_  23,308 

8,607 

7,271 

1,336 

36.9 

31.2 

5.7 

1982 . 

_  24,038 

8,768 

7,095 

1,673 

36.5 

29.5 

7.0 

1983 . 

_  25,205 

9,145 

7,471 

1,674 

36.3 

29.6 

6.6 

1984 . 

_  25,852 

9,628 

7,807 

1,821 

37.2 

30.2 

7.0 

1985 . 

_  26,669 

10,284 

8,065 

2,219 

38.6 

30.2 

8.3 

1986 . 

_  27,764 

10,994 

8,665 

2,329 

39.6 

31.2 

8.4 

1987 . 

,  .  ,  ,  28,414 

11,558 

8,873 

2,685 

40.7 

31.2 

9.4 

1988 . 

_  28,574 

12,056 

8,968 

3,088 

42.2 

31.4 

10.8 

1989 . 

_  29,207 

12,426 

9,145 

3,281 

42.5 

31.3 

11.2 

1990 . 

_  29,042 

11,972 

8,725 

3,247 

41.2 

30.0 

11.2 

1991 . 

_  30,131 

12,223 

8,881 

3,342 

40.6 

29.5 

11.1 

Mathematics/computer  sciences 


1979 . 

_  15,520 

1,642 

1,005 

637 

10.6 

6.5 

4.1 

1980 . 

_  16.489 

1,820 

1,099 

721 

11.0 

6.7 

4.4 

1981 . 

_  17,599 

1,858 

1,055 

803 

10.6 

6.0 

4.6 

1982 . 

_  19,985 

2,036 

1,140 

896 

10.2 

5.7 

4.5 

1983 . 

_  21.644 

2,206 

1,193 

1,013 

10.2 

5.5 

4.7 

1984 . 

_  22,898 

2,507 

1,382 

1.125 

10.9 

6.0 

4.9 

1985 . 

_  25,919 

3,074 

1,551 

1,523 

11.9 

6.0 

5.9 

1986 . 

_  27.700 

3.392 

1,686 

1,706 

12.2 

6.1 

6.2 

1987 . 

_  28.616 

3,948 

2,142 

1,806 

13.8 

7.5 

6.3 

1988 . 

_  28,907 

4,273 

2,312 

1,961 

14.8 

8.0 

6.8 

1989 . 

_  29.492 

4,643 

2,445 

2,198 

15.7 

8.3 

7.5 

1990 . 

_  30.693 

4,673 

2,398 

2,275 

15.2 

7.8 

7.4 

1991 . 

_  30.811 

4,897 

2,596 

2,301 

15.9 

8.4 

7.5 

(continued) 
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Appendix  table  5-18 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships, 
by  support  source  and  field:  1979-91 

(page  2  of  3) 


Full-time  graduate  students 


Total 

Total 
with  RAs 

Federal 

RAs 

Nonfederal 

RAs 

Total 
with  RAs 

Federal 

RAs 

Nonfederal 

RAs 

Environmental  sciences 

1979 . 

10,724 

3,587 

2,706 

881 

33.4 

25.2 

8.2 

1980 . 

_  10,969 

3,770 

2,702 

1,068 

34.4 

24.6 

9.7 

1981 . 

_  11 ,038 

3,469 

2,402 

1,067 

31.4 

21.8 

9.7 

1982 . 

_  11,436 

3,339 

2,323 

1.016 

29.2 

20.3 

8.9 

1983 . 

_  12,068 

3,545 

2.348 

1,197 

29.4 

19.5 

9.9 

1984 . 

_  11,837 

3,583 

2,328 

1,255 

30.3 

19.7 

10.6 

1985 . 

11,458 

3,728 

2,410 

1,318 

32.5 

21.0 

11.5 

1986 . 

_  11 ,347 

3,838 

2,372 

1,466 

33.8 

20.9 

12.9 

1987 . 

_  10,543 

3,660 

2,251 

1,409 

34.7 

21 .4 

13.4 

1988 . 

.  ,  .  10.299 

3,892 

2,317 

1,575 

37.8 

22.5 

15.3 

1989 . 

_  10,143 

4,169 

2,482 

1,687 

41.1 

24.5 

16.6 

1990 . 

_  10,273 

4,153 

2,445 

1,708 

40.4 

23.8 

16.6 

1991 . 

_  10,414 

4,358 

2,539 

1,819 

41.8 

24.4 

17.5 

Life  sciences 

1979 . 

_  70,966 

15,412 

7,222 

8,190 

21.7 

10.2 

11.5 

1980 . 

_  71 ,957 

15,896 

7,628 

8,268 

22.1 

10.6 

11.5 

1981 . 

_  71.931 

16,344 

7,593 

8,751 

22.7 

10.6 

12.2 

1982 . 

_  69,953 

16,223 

7,275 

8,948 

23.2 

10.4 

12.8 

1983 . 

_  69,696 

16,496 

7,260 

9,236 

23.7 

10.4 

13.3 

1984 . 

_  70,230 

17,576 

7,387 

10,189 

25.0 

10.5 

14.5 

1985 . 

_  69,509 

17,896 

7,989 

9,907 

25.7 

11.5 

14.3 

1986. 

_  70,661 

19,220 

8,562 

10.658 

27.2 

12.1 

15.1 

1987 . 

....  71,456 

20,225 

9,344 

10,881 

28.3 

13.1 

15.2 

1988 . 

_  73,039 

21,582 

10,042 

1 1 ,540 

29.5 

13.7 

15.8 

1989 . 

....  75,452 

23,183 

10,930 

12,253 

30.7 

14.5 

16.2 

1990 . 

....  74,936 

23,403 

10,902 

12,501 

31.2 

14.5 

16.7 

1991 . 

_  82,938 

25,674 

12,060 

13,614 

31.0 

14.5 

16.4 

Psychology 

1979 . 

_  25.859 

2,528 

1,170 

1.358 

9.8 

4.5 

5.3 

1980 . 

_  26,678 

2,570 

942 

1,628 

9.6 

3.5 

6.1 

1981 . 

_  26,715 

2.890 

1,036 

1,854 

10.8 

3.9 

6.9 

1982 . 

_  25,812 

2,723 

927 

1,796 

10.5 

3.6 

7.0 

1983 . 

_  26,693 

2,962 

944 

2,018 

11.1 

3.5 

7.6 

1984 . 

_  26,102 

3,027 

962 

2,065 

11.6 

3.7 

7.9 

1985 . 

_  25.751 

3,078 

1,017 

2,061 

12.0 

3.9 

8.0 

1986 . 

_  26,469 

3,114 

1,021 

2.093 

11.8 

3.9 

7.9 

1987 . 

_  27,308 

3,218 

1,078 

2.140 

11.8 

3.9 

7.8 

1988 . 

_  28,366 

3,733 

1,210 

2,523 

13.2 

4.3 

8.9 

1989 . 

_  29,608 

3,866 

1,278 

2,588 

13.1 

4.3 

8.7 

1990 . 

_  30,694 

4,051 

1,326 

2,725 

13.2 

4.3 

8.9 

1991 . 

_  32,382 

4,275 

1.459 

2.816 

13.2 

4.5 

8.7 

(continued) 
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Appendix  table  5-1 8. 

Full-time  graduate  students  in  science  and  engineering  supported  by  research  assistantships, 
by  support  source  and  field:  1979-91 

(page  3  of  3) 


Full-time  graduate  students 


Total 

Federal 

Nonfederal 

Total 

Federal 

Nonfederal 

Total 

with  RAs 

RAs 

RAs 

with  RAs 

RAs 

RAs 

— 

— 

Number - 

-  - 

Percent 

Social  sciences 

1979 . 

_  46,755 

5,207 

1,403 

3.804 

11.1 

3.0 

8.1 

1980 . 

_  47,137 

5,275 

1,444 

3,831 

11.2 

3.1 

8.1 

1981 . 

46,335 

5,196 

1,267 

3,929 

11.2 

2.7 

8.5 

1982 . 

_  44,289 

4,866 

971 

3,895 

11.0 

2.2 

8.8 

1983 . 

_  43,609 

5,032 

933 

4,099 

11.5 

2.1 

9.4 

1984 . 

_  42,659 

5,166 

916 

4,250 

12.1 

2.1 

10.0 

1985 . 

_  42,997 

5,080 

974 

4,106 

11.8 

2.3 

9.5 

1986 . 

_  42,907 

5,101 

885 

4,216 

11.9 

2,1 

9.8 

1987 . 

_  43,550 

5,465 

917 

4.548 

12.5 

2.1 

10.4 

1988 . 

_  43,853 

5,580 

921 

4,659 

12.7 

2.1 

10.6 

1989 . 

_  45,401 

6,227 

1,013 

5,214 

13.7 

2.2 

11.5 

1990 . 

_  47,651 

6,257 

1,073 

5,184 

13.1 

2.3 

10,9 

1991 . 

_  50,763 

6,711 

1,164 

5,547 

13.2 

2.3 

10,9 

Engineering 

1979 . 

_  40,017 

12,817 

7,998 

4,819 

32.0 

20.0 

12.0 

1980 . 

_  42,720 

13,923 

8,534 

5,389 

32.6 

20.0 

12.6 

1981 . 

_  45,851 

14,388 

8,525 

5,863 

31.4 

18.6 

12,8 

1982 . 

_  49,865 

14,608 

8,562 

6,046 

29.3 

17.2 

12.1 

1983 . 

_  53,931 

15,537 

8,995 

6,542 

28.8 

16.7 

12.1 

1984 . 

55,157 

16,284 

8,675 

7,609 

29.5 

15.7 

13.8 

1985 . 

....  55,938 

17.900 

8,426 

9,474 

32.0 

15.1 

16.9 

1986 . 

_  60,227 

20,412 

9,556 

10,856 

33.9 

15.9 

18,0 

1987 . 

_  61 ,885 

22,147 

10,361 

11,786 

35.8 

16.7 

19.0 

1988 . 

_  63,187 

23,452 

10,971 

12,481 

37.1 

17.4 

19.8 

1989 . 

_  64,546 

24,602 

11,259 

13,343 

38.1 

17.4 

20.7 

1990 . 

_  65,692 

25,086 

11,153 

13,933 

38,2 

17.0 

21.2 

1991 . 

_  71 ,230 

26,763 

11,910 

14.853 

37.6 

16.7 

20.9 

RA  =  research  assistantship 

SOURCE:  Science  Resources  Studies  Division.  National  Science  Foundation  (NSF).  Academic  Science  and  Engineering:  Graduate  Enrollment  and  Support.  Fall 
1991,  NSF  93-309  (Washington,  DC:  NSF,  1993):  and  NSF.  unpublished  tabulations. 

See  figure  5-1 1 .  Science  S  Engineering  Indicators  -  1993 
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Appendix  table  5-1 9. 

Academic  researchers  reporting  federal  support,  by  number  of  years  since  doctorate  award  and  field:  Id73-91 

(page  1  of  2) 


All 

Years  since  doctorate 

All 

Years  since  doctorate 

researchers 

1-3 

4-7  8-10  11-15 

15+ 

researchers 

1-3 

4-7  8-10  11-15 

15+ 

Number  -  -  -  Percent 

All  science  and  engineering  fields 


1973  . , . 

.  .  43,048 

8,721 

10,814 

5,664 

6,279 

11,568 

53.2 

50.6 

52.4 

52.1 

55.6 

55.3 

1975  . , . 

.  .  44,198 

7,403 

1 1 ,303 

6,651 

6,967 

11,874 

49.4 

46.9 

48.3 

51.0 

1977  . . . 

.  .  44,474 

6,829 

10,701 

6,942 

7,718 

12,284 

53.0 

52.9 

52.1 

53.6 

53.9 

53.1 

1979  . . . 

,  .  46,419 

7,213 

9,505 

6,800 

9,172 

13,729 

52.3 

55.7 

53.5 

49.6 

51.3 

52.0 

1981  . .  . 

.  .  48,442 

7,988 

9,866 

6,561 

9,665 

14,362 

51.1 

59.2 

53.7 

49.7 

49.3 

47.5 

1983  . . . 

.  .  65,139 

7,310 

10,142 

6,824 

12,242 

18,621 

57.3 

60.6 

60.4 

58.9 

57.1 

54.3 

1985  . . . 

.  .  48,181 

6,029 

8,244 

6,061 

9,797 

18,050 

45.8 

48.1 

47.3 

48.8 

47.2 

43.0 

1987  .  . . 

.  .  73,875 

7,801 

1 1 ,992 

8,624 

14,060 

31,398 

57.2 

58.0 

61.2 

61.6 

59.3 

53.8 

1989  . . . 

.  .  80,398 

9,213 

12,876 

9,063 

14,456 

34,790 

59.2 

64.4 

64.0 

63.3 

62.4 

54.5 

1991  . .  . 

.  .  77,786 

10,491 

13,990 

9,592 

12,925 

30,788 

57.8 

56.4 

61.0 

64.2 

62.0 

53.7 

Physical  sciences 


1973  .  .  . 

7,093 

1,635 

1,572 

973 

1,123 

1,790 

53.2 

65.8 

47.4 

51.6 

53.1 

50.7 

1975  .  .  . 

7,693 

1,191 

1,764 

1,153 

1,251 

2,234 

51.4 

64.8 

49.7 

49.2 

46.6 

51.1 

1977  .  .  . 

7,504 

1,267 

1,532 

1,075 

1,312 

2,318 

54.0 

67.9 

55.4 

49.9 

51.9 

50.7 

1979  .  . . 

7,332 

1,114 

934 

955 

1,755 

2,574 

54.7 

68.8 

49.8 

47.7 

56.9 

53.5 

1981  .  .  . 

7,989 

1,223 

1,258 

925 

1,629 

2,954 

57.5 

74.3 

58.7 

61.7 

51.8 

54.1 

1983  .  .  . 

8,791 

967 

1,173 

938 

1,829 

3,884 

62.8 

74.2 

71.0 

69.4 

60.4 

58.3 

1985  .  .  . 

7,720 

1,006 

858 

802 

1,060 

3,994 

50.5 

65.2 

60.0 

56.6 

45.8 

48.1 

1987  .  .  . 

.  .  10,921 

1,065 

1,142 

952 

1,792 

5,970 

63.9 

74.1 

66.2 

71.6 

71.3 

59.2 

1989  .  .  . 

.  .  1 1 ,547 

1,516 

1,277 

910 

1,344 

6,500 

67.5 

81.0 

69.9 

72.3 

63.2 

64.4 

1991  .  .  . 

.  .  10,635 

1,737 

1,414 

866 

1,306 

5,312 

65.2 

70.2 

69.3 

60.6 

78.1 

61.1 

Mathematics 


1973  .  .  . 

1,972 

310 

647 

240 

293 

482 

31.6 

21.2 

31.9 

25.7 

42,6 

42.6 

1975  .  . . 

1 ,483 

108 

458 

334 

259 

324 

21.7 

10.1 

20.7 

29.2 

23.3 

25.2 

1977  .  .  . 

1 ,206 

136 

255 

308 

224 

283 

20.2 

15.2 

17.8 

25.7 

20.1 

21.2 

1979  .  .  . 

1,342 

144 

357 

219 

237 

385 

22.6 

18.0 

41.1 

19.3 

14.8 

25.0 

1981  .  .  . 

1 ,360 

101 

297 

192 

476 

294 

22.7 

16.1 

29.2 

23.0 

30.0 

16.7 

1983  .  .  . 

2,318 

265 

376 

286 

602 

789 

38.7 

42.1 

39.0 

49.0 

39.6 

34.3 

1985  .  .  . 

1,518 

83 

232 

180 

324 

699 

24.5 

13.2 

29.6 

36.6 

25.3 

23.2 

1987  .  .  . 

2,675 

147 

396 

276 

511 

1,345 

34.5 

23.3 

36.2 

42.4 

37.4 

33.5 

1989  .  .  . 

2,892 

160 

374 

319 

549 

1,490 

36.5 

29.0 

39.9 

43.5 

46.2 

33.1 

1991  .  .  . 

3,276 

423 

564 

531 

549 

1,209 

37.4 

37.8 

40.2 

51.0 

40.0 

31.7 

Computer  sciences 


1973  . . . 

533 

120 

147 

76 

107 

83 

54.9 

48.8 

68.4 

56.5 

66.9 

39.0 

1975  . . . 

425 

79 

110 

37 

84 

115 

41.0 

30.9 

47.6 

45.1 

48.8 

39.0 

594 

59 

84 

144 

54.4 

50.2 

64.5 

55.1 

57.5 

45.6 

1979  . . . 

574 

80 

202 

138 

47 

44.0 

44.0 

58.7 

45.7 

23.2 

39.1 

1981  . .  . 

736 

175 

165 

143 

125 

128 

46.6 

50.1 

49.3 

58.6 

39.6 

38.0 

1983  . .  . 

920 

150 

307 

122 

128 

213 

51.8 

71.8 

66.5 

49.6 

40.6 

39.1 

1985  .  .  . 

680 

55 

155 

129 

171 

170 

36.5 

24.6 

37.6 

46.6 

38.2 

33.9 

1987  .  .  . 

1 ,526 

185 

296 

229 

248 

568 

55.4 

53.8 

66.8 

70.0 

44.0 

52.7 

1989  .  .  . 

1 ,646 

111 

375 

326 

310 

524 

50.6 

30.2 

74.3 

66.8 

51.3 

40.6 

1991  . .  . 

2,047 

287 

506 

163 

461 

630 

48.4 

32.2 

59.9 

60.6 

62.3 

42.4 

Environmental  sciences 


1973  .  .  . 

2,139 

484 

564 

272 

338 

481 

60.3 

61 .7 

66.8 

53.9 

63.1 

55.0 

1975  .  .  . 

2,339 

502 

591 

385 

378 

463 

59.1 

61.0 

63.3 

62.3 

60.8 

50.4 

1977  .  .  . 

2,287 

321 

653 

336 

390 

587 

57.5 

47.3 

61.9 

65.2 

55.6 

57.3 

1979  .  .  . 

2,317 

465 

461 

327 

494 

570 

63.2 

84.9 

67.3 

60.7 

61.1 

52.4 

1981  .  .  . 

2,425 

443 

494 

385 

389 

714 

58.6 

60.9 

68.4 

58.7 

49.6 

57.3 

1983  .  .  . 

2,720 

456 

599 

423 

392 

850 

66.5 

74.9 

67.7 

78.9 

60.0 

60.5 

1985  .  .  . 

2,587 

273 

499 

352 

579 

884 

59.7 

62.8 

67.3 

62.5 

65.4 

51.8 

1987  .  .  . 

3,613 

424 

603 

349 

874 

1,363 

68.3 

66.9 

70.9 

78.4 

74.7 

62.2 

1989  .  .  . 

4,096 

369 

747 

495 

879 

1,606 

71.7 

62.8 

82.8 

82.1 

83.2 

62.6 

1991  .  .  . 

4,396 

564 

814 

684 

834 

1,500 

75.3 

77.0 

88.1 

85.7 

89.2 

61.2 

(continued) 
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Appendix  table  5-19. 

AciKlemIc  researchers  reporting  federal  support,  by  number  of  years  since  doctorate  award  and  field:  1973-81 


(page  2  of  2) 

All 

Years  since  doctorate 

All 

Years  since  doctorate 

researchers 

1-3 

4-7  8-10  11-15 

15+ 

researchers 

1-3 

4-7  8-10  11-15 

15+ 

— Number - 

- Percent - 

Life  sciences 


1973  .  .  . 

.  .  18,645 

3,717 

4,323 

2,281 

2,452 

5,872 

67.2 

68.8 

67.2 

67.8 

65.0 

66.9 

1975  .  .  . 

.  .  19,322 

3,469 

4,787 

2,578 

2,911 

5,577 

64.8 

66.5 

63.8 

66.3 

65.5 

63.7 

1977  . .  . 

.  .  20.522 

3,315 

5,052 

3,126 

3,282 

5,747 

68.2 

70.5 

68.4 

69.9 

69.2 

65.5 

1979  . .  . 

.  .  21,743 

3,482 

4,790 

3,237 

3,766 

6,468 

65.4 

69.6 

66.0 

64.8 

65.2 

63.3 

1981  . .  . 

.  .  23,194 

4,355 

4,872 

3,119 

4,287 

6,561 

63.2 

75.5 

65.7 

62.1 

60.5 

57.4 

1983  . .  . 

.  .  25,954 

3,961 

4,886 

3,344 

5,805 

7,958 

69.1 

71.2 

73.2 

72.7 

69.3 

64.4 

1985  .  .  . 

.  .  24,442 

3,481 

4,781 

3,012 

5,179 

7,989 

59.1 

60.5 

63.4 

62.2 

60.8 

54.4 

1987  . .  . 

.  .  34,420 

4,093 

6,254 

4,529 

6,695 

12,849 

72.5 

72.9 

76.1 

79.9 

75.6 

67.1 

1989  .  .  . 

.  .  37,488 

5,056 

6,464 

4,668 

6,876 

14,424 

73.4 

79.3 

75.8 

77.3 

79.1 

67.3 

1991  . . . 

.  .  36,386 

5,167 

6,663 

5,180 

6,146 

13,230 

72.1 

71.0 

73.3 

79.9 

74.8 

68.3 

Psychology 


1973  . . . 

3,296 

751 

861 

383 

456 

845 

44.6 

40.9 

44.2 

39.5 

45.0 

52.4 

1975  .  .  . 

3,336 

558 

940 

459 

483 

896 

40.3 

32.5 

40.8 

37.5 

42.6 

47.4 

1977  . . . 

2,838 

465 

750 

376 

485 

762 

39.0 

34.2 

37.3 

34.8 

44.3 

44.1 

1979  . . . 

3,129 

724 

784 

456 

353 

812 

41.1 

46.0 

43.2 

38.0 

32.1 

42.3 

1981  . .  . 

3,261 

719 

838 

438 

468 

798 

38.0 

55.4 

40.6 

32.2 

29.0 

35.5 

1983  . . . 

3,001 

355 

652 

566 

477 

951 

37.2 

34.2 

37.7 

45.0 

34.8 

35.6 

1985  .  . . 

2,866 

483 

594 

499 

474 

816 

33.0 

41.5 

37.9 

40.4 

26.7 

27.6 

1987  .  . . 

4,358 

708 

708 

668 

776 

1,498 

36.8 

49.2 

35.1 

46.3 

32.6 

32.9 

1989  .  . . 

4,797 

670 

700 

482 

1,104 

1,841 

41.5 

50.9 

40.6 

36.7 

52.5 

36.1 

1991  .  . . 

4,104 

490 

854 

324 

799 

1,637 

38.5 

38.1 

41.7 

30.7 

47.7 

35.6 

Social  sciences 


1973  . . . 

4,094 

944 

1,139 

536 

543 

932 

31.4 

26.9 

35.2 

34.3 

32.5 

30.6 

1975  ... 

4,410 

834 

1,344 

677 

539 

1,016 

28.0 

22.1 

29.9 

33.9 

27.4 

28.6 

1977  . . . 

4,180 

661 

1,265 

660 

611 

993 

32.3 

28.5 

31.8 

35.8 

35.4 

32.2 

1979  . . . 

4,266 

766 

953 

776 

907 

864 

30.7 

30.9 

29.0 

32.7 

36.0 

26.7 

1981  . . . 

4,270 

552 

1,084 

530 

1,029 

1,075 

28.1 

25.2 

30.8 

23.5 

32.4 

26.3 

1983  ... 

4,962 

783 

1,268 

572 

1,133 

1,206 

33.3 

39.3 

40.2 

25.6 

34.4 

28.6 

1985  ... 

3,534 

280 

638 

431 

871 

1,314 

21.2 

15.0 

20.2 

16.2 

24.8 

24.1 

1987  . . . 

7,126 

547 

1,342 

842 

1,675 

2,720 

31.3 

24.2 

38.7 

27.8 

35.4 

29.4 

1989  . . . 

8,138 

583 

1,385 

1,101 

1,674 

3,395 

33.2 

28.8 

36.6 

40.3 

32.4 

31.5 

1991  ... 

6,473 

427 

1,316 

906 

’,304 

2,520 

28.7 

16.3 

32.7 

35.9 

33.0 

26.6 

Engineering 


1973  .  .  . 

5,274 

760 

1,561 

903 

967 

1,083 

60.7 

50.9 

59.2 

59.8 

72.1 

63.1 

1975  .  .  . 

5,290 

662 

1,309 

1,028 

1,062 

1,229 

58.2 

59.6 

60.7 

54.8 

59.6 

57.0 

1977  .  . . 

5,343 

557 

994 

1,012 

1,330 

1,450 

61.6 

62.7 

62.1 

62.5 

58.5 

63.3 

1979  .  .  . 

5,716 

438 

1,024 

692 

1,613 

1,949 

59.3 

57.9 

63.1 

59.7 

58.4 

58.5 

1981  .  .  . 

5,207 

420 

858 

829 

1,262 

1,838 

59.2 

49.8 

74.5 

62.3 

66.2 

51.7 

1983  .  .  . 

6,473 

373 

881 

573 

1,876 

2,770 

66.3 

51.3 

70.0 

73.9 

65.3 

67.0 

1985  .  .  . 

4,834 

368 

487 

656 

1,139 

2,184 

44.9 

40.1 

32.4 

71,6 

55.9 

40.4 

1987  .  .  . 

9,236 

632 

1,251 

779 

1,489 

5,085 

65.5 

58.2 

71.1 

69.3 

69.6 

63.7 

1989  .  .  . 

9,794 

748 

1,554 

762 

1,720 

5,010 

66.9 

61.7 

81 .2 

66.4 

75.0 

62.0 

1991  .  .  . 

.  .  10,469 

1,396 

1,859 

938 

1,526 

4,750 

66.2 

63.1 

72.3 

69,7 

67.3 

64.0 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation  (NSF),  Characteristics  of  Doctoral  Scientists  and  Engineers:  1991  (Washington,  DC: 
NSF,  forthcoming);  and  NSF,  unpublished  tabulations. 

See  figure  5-12. 
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Appendix  table  5-20. 

Federally  supported  academic  doctorate-holders,  by  field  of  employment  and  number  of  funders:  1979-91 


Field  1979  1981  1983  1985  1987  1989  1991 


Total 


Total  science  &  engineering .  53,270  54,514  64,231  54,534  81,856  88,371  86,429 

Physical  sciences .  8,085  8,638  9,779  8,272  11,665  12,366  11.609 

Mathematics .  1.693  1,668  2,641  1,738  3,039  3,262  3,724 

Computer  sciences .  690  893  1,145  834  1,693  1,789  2,612 

Environmental  sciences .  2,472  2,564  2,998  2,789  3,751  4,249  4,609 

Life  sciences .  24,282  25,016  29,049  27,004  37,609  40,319  39,123 

Psychology .  4,338  4,209  3,902  3,591  5,457  6,131  5,068 

Social  sciences .  5,324  5,607  6,768  4,485  8,597  9,424  8,123 

Engineering .  6.386  5,919  7,949  5,821  10,045  10,831  11,561 


Supported  by  one  federal  agency 


Total  science  &  engineering .  42,950  43,498  50,504  43,629  60,182  64,984  61,287 

Physical  sciences .  6,313  6,407  7,415  6,262  8,103  8,462  7,856 

Mathematics .  1,517  1,499  2,341  1,483  2,431  2,479  2,931 

Computer  sciences .  568  659  790  635  1,129  982  1,683 

Environmental  sciences .  1,602  1,547  1,517  1,643  1,905  2,227  2,195 

Life  sciences .  20,235  20,909  23,503  22,402  28,830  31,240  29,812 

Psychology .  3,653  3,435  3,275  2,922  4,592  4,974  4,157 

Social  sciences .  4,71 1  4,631  5,952  3,972  6,790  7,674  5,968 

Engineering .  4,351  4,411  5,711  4,310  6,402  6,946  6,685 


Supported  by  more  than  one  federal  agency 


Total  science  &  engineering .  9,830  10,478  13,229  10,239  21,236  23,234  24,564 

Physical  sciences .  1,718  2,173  2,308  1,907  3,473  3.860  3,663 

Mathematics .  <55  157  286  227  540  766  700 

Computer  sciences .  122  208  346  178  564  807  929 

Environmental  sciences .  831  995  1,458  1,145  1,826  2,008  2,382 

Life  sciences .  3,837  3,852  5,234  4,318  8,597  9,013  9,129 

Psychology .  607  727  569  573  810  1,155  888 

Social  sciences .  563  904  790  438  1,799  1,750  2,016 

Engineering .  1,997  1,462  2,238  1,453  3,627  3,875  4,857 


NOTES:  Data  exclude  university-administered  federally  funded  research  and  development  centers.  Data  are  limited  to  respondents  with  doctorates  in  science  and 
engineering  (S&E)  from  a  U.S.  academic  institution;  data  exclude  non-S&E  doctorate-holders  working  in  S&E  and  persons  with  SSE  doctorates  awarded  by  foreign 
institutions.  For  a  fuller  discussion,  see  chapter  5.  "Changes  in  the  Survey  of  Doctorate  Recipients,"  Details  do  not  sum  to  totals  because  some  academic  (toctorate- 
holders  do  not  specify  agencies  providing  support. 

SOURCE:  Science  Resources  Studies  Division,  National  Science  Foundation,  Survey  of  Doctorate  Recipients,  unpublished  tabulations. 
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U.S.  and  world  scientific  and  technical  articles,  by  field:  1973-91 
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NOTES:  Articles  written  by  researchers  from  more  than  one  country  are  prorated  according  to  the  number  of  author  institutions  in  each  country.  For  example,  a  paper  authored  by  two  U  S  and  one  French  scientist  would  be 
counted  as  two-thirds  of  a  U.S.  article  and  one-third  of  a  French  article.  Data  for  1973-80  are  based  on  more  than  2,100  journals  carried  on  the  1973  Science  Citation  Index  Corporate  Tapes  of  the  Institute  for  Scientific 
Information.  Data  for  1981-91  are  based  on  more  than  3,500  U.S.  and  foreign  journals  on  the  1981  Science  Citation  Index  Corporate  Tapes. 

SOURCE:  CHI  Research.  Inc.,  Science  S  Engineering  Indicators  Literature  Database,  special  tabulations.  1993. 

See  figures  5-14  and  5-17.  Science  i  Engineering  Indicators  -  1993 
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Appendix  A.  Appendix  Tables 


Appendix  table  5-22. 

Scientific  and  technicai  fieids  in  which  the  U.S.  share  of  world  publications  changed  by  more  than  5 
percentage  points:  1981-91 


Field 


World  publications  U.S.  publications 

published  in  published  in 

1981  1986  1991  1981  1986  1991 


U.S.  share  of 
world  articles 

1981  1986  1991 


Net 

change 

1981-91 


Number - - Number 


- Percent  - 


Gains  in  U.S.  share 


General  engineering .  1,282  317  308  238  158  109  18.6  49.8  35.4  16.8 

Biophysics .  978  1,151  820  281  435  336  28.7  37,8  41.0  12.2 

General  biology .  1,735  504  593  588  142  266  33.9  28.2  44.9  11.0 

Applied  mathematics .  2,010  1,551  1.577  704  679  725  35.0  43.8  46.0  10.9 

Aerospace  technology .  933  913  844  556  540  581  59.6  59.1  68.8  9.2 

Oceanography  &  limnology .  1,451  1,162  1,218  594  523  611  40.9  45.0  50.2  9.2 

General  chemistry .  15,772  15,472  14,570  2,135  3,075  3,196  13.5  19.9  21.9  8.4 

Nutrition  &  dietetics .  1.943  1,507  1,484  880  797  781  45.3  52.9  52.6  7.3 

Applied  chemistry .  2,660  1,504  1,422  470  303  355  17.7  20.1  25.0  7.3 

Wise,  clinical  medicine .  332  458  543  201  295  367  60.5  64.4  67.6  7.0 

Physiology .  3,564  4,801  5,501  1,518  2,299  2,692  42.6  47.9  48.9  6.3 

Microscopy .  603  428  404  148  158  124  24.5  36.9  30.7  6.1 

General  zoology .  2,011  2,141  1,901  354  514  448  17.6  24.0  23.6  6.0 

General  mathematics .  5,344  4,549  4,284  1,728  1,689  1,638  32.3  37.1  38.2  5.9 

Operations  research  & 

mgmt  science .  759  348  367  309  169  169  40.7  48.6  46.0  5.3 

Applied  physics .  10,104  12,573  16,035  2,887  4,077  5,393  28.6  32.4  33.6  5.1 


Losses  in  U.S.  share 


Hematology . 

.  2,269 

2,858 

3,163 

897 

1,023 

1,089 

39.5 

35.8 

34.4 

(5.1) 

Allergy . 

.  671 

820 

745 

292 

325 

286 

43.5 

39.6 

38.4 

(5.1) 

Endocrinology . 

.  4,361 

4,791 

4,635 

1,870 

1,788 

1,745 

42.9 

37.3 

37.6 

(5.2) 

Urology . 

.  1,765 

1,636 

1,815 

842 

801 

770 

47.7 

49.0 

42.4 

(5.3) 

Optics . 

.  2,079 

2,515 

3,052 

830 

1,017 

1,056 

39.9 

40.4 

34.6 

(5.3) 

Acoustics . 

.  1,330 

1,243 

1,242 

613 

483 

504 

46.1 

38.9 

40.6 

(5.5) 

Astronomy  &  astrophysics . 

.  4,325 

4,329 

4,467 

1,986 

1,746 

1,775 

45.9 

40.3 

39.7 

(6.2) 

Civil  engineering . 

.  2,055 

712 

696 

1,205 

385 

363 

58.6 

54.1 

52.2 

(6.5) 

Embryology . 

997 

669 

844 

478 

198 

347 

47.9 

29.6 

41.1 

(6.8) 

Environmental  science' . 

NA 

3,361 

3,920 

NA 

1,594 

1,588 

NA 

47.4 

40.5 

(6.9) 

Miscellaneous  mathematics .  . . . 

.  1,431 

533 

448 

710 

202 

190 

49.6 

37.9 

42.4 

(7.2) 

Dentistry . 

.  2,225 

2,613 

2,727 

1,106 

1,154 

1,153 

49.7 

44.2 

42.3 

(7.4) 

Nuclear  &  particle  physics . 

.  3,216 

5,944 

7,217 

1,255 

1,962 

2,263 

39.0 

33.0 

31.4 

(7.7) 

Marine  biology  &  hydrobiology . 

.  3,350 

3,780 

4,099 

1,215 

1,160 

1,161 

36.3 

30.7 

28.3 

(7.9) 

Miscellaneous  biomedicine  . . .  . 

.  1,544 

1,134 

1,145 

759 

486 

462 

49.2 

42.9 

40.3 

(8.8) 

Addictive  diseases . 

492 

476 

600 

330 

276 

349 

67.1 

58.0 

58.2 

(8.9) 

Misc.  engineering/technology .  . 

782 

611 

521 

280 

162 

139 

35.8 

26.5 

26.7 

(9.1) 

Tropical  medicine . 

836 

772 

855 

203 

141 

128 

24.3 

18.3 

15.0 

(9.3) 

Pharmacy . 

.  4,154 

2,753 

2,438 

1,129 

536 

406 

27.2 

19.5 

16.7 

(10.5) 

Biomedical  engineering . 

.  1,359 

1,729 

2,032 

524 

491 

520 

38.6 

28.4 

25.6 

(13.0) 

Anatomy  &  morphology . 

778 

823 

750 

311 

253 

202 

40.0 

30.7 

26.9 

(13.0) 

Cancer . 

.  5,374 

6,691 

7,302 

2,785 

2,916 

2,785 

51.8 

43.6 

38.1 

(13.7) 

Nephrology . 

573 

724 

765 

271 

265 

250 

47.3 

36.6 

32.7 

(14.6) 

Chemical  engineering . 

.  2,793 

3,290 

3,344 

1,338 

1,294 

1,080 

47.9 

39.3 

32.3 

(15.6) 

Fluids  &  plasmas . 

.  1,107 

1,192 

797 

603 

645 

300 

54.5 

54.1 

37.6 

(16.8) 

Library  &  information  science .  .  . 

223 

31 

26 

128 

20 

10 

57.4 

64.5 

38.5 

(18.9) 

Nuclear  technology . 

.  2,839 

1,943 

1,995 

1,474 

872 

531 

51 .9 

44.9 

26.6 

(25.3) 

NA  =  not  available 

'The  net  change  for  environmental  science  is  from  1 986  to  1 991 .  as  data  for  previous  years  are  unavailable. 

SOURCE:  CHI  Research,  Inc.,  Science  S  Engineering  Indicators  Literature  Database,  special  tabulations,  1993. 
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Appendix  table  5-24. 

InternationaMy  coauthored  scientific  and  technicai  articles,  by  field:  1976-91 
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Appendix  table  5-26. 

U.S.  academic-industry  coauthored  scientific  and  technical  articles  as  a  proportion  of  all  industry 
articles,  by  field:  1981-^1 


Field  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991 


- Percent - - 

All  fields .  22  24  23  25  27  28  30  31  32  33  35 

Clinical  medicine .  30  34  33  35  40  37  42  41  42  44  45 

Biomedical  research .  35  37  35  35  39  38  40  41  39  39  40 

Biology .  39  46  42  37  44  44  41  47  48  43  45 

Chemistry .  13  17  15  16  16  18  20  20  22  22  24 

Physics .  20  21  23  25  23  23  25  26  28  29  31 

Earth  and  space  sciences ...  34  35  33  36  33  36  34  41  38  40  37 

Engineering  and  technology  .16  17  16  17  18  20  23  24  23  26  26 

Mathematics .  43  35  42  42  43  40  42  41  51  52  49 


SOURCE:  CHI  Research.  Inc..  Science  &  Engineering  Indicators  Literature  Database,  special  tabulations.  1993. 
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Appendix  table  5-27. 

U.S.  patents  awarded  to  the  100  academic  institutions  with  the  greatest  R&D  volume:  1969-91 
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NOTES:  For  relative  GDP  calculations,  United  States  =  100.  Country  GDPs  were  determined  using  1985  purchasing  power  parities, 

'German  data  are  for  the  former  West  Germany  only. 

^U.S.  GDP  is  expressed  in  constant  1991  dollars. 

SOURCE:  Bureau  of  Labor  Statistics,  unpublished  tabulations.  February  1993. 
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Appendix  table  6-5. 

Import  share  of  domestic  market  for  high  -tech  manufactures,  by  industry:  1981-92 

(page  2  of  2) 
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Appendix  table  6-6. 

U.S.  receipts  and  payments  of  royalties  and  fees  associated 
with  affiliated  and  unaffiliated  foreign  residents:  1987-9" 


Total 

Foreign  residents 

Affiliated 

Unaffiliated 

Millions  of  dollars 

Receipts 

1987  . 

9,914 

7.629 

2,285 

1988  . 

11 ,802 

9.156 

2.646 

1989  . 

13,064 

10.207 

2.857 

1990  . 

16,470 

13,081 

3,389 

1991 . 

17,799 

14,014 

3,785 

Payments 

1987  . 

1,844 

1,296 

547 

1988  . 

2,585 

1,410 

1,175 

1989  . 

2,602 

1,778 

824 

1990  . 

3,133 

2.196 

937 

1991 . 

3,984 

2,857 

1.127 

E'alance 

'987  . 

8,070 

6.333 

1,738 

1988  . 

9,217 

7.746 

1.471 

1989  . 

10,462 

8,429 

2.033 

1990  . 

13,337 

10,885 

2,452 

1991 . 

13,815 

11,157 

2,658 

SOURCE:  Bureau  of  Economic  Analysis,  Survey  of  Current  Business.  Vol  72.  No.  9  (Sept 
1992). 

See  figure  6-13.  Science  &  Engineering  Indicators  -  1993 


Appendix  table  6-7. 

U.S.  receipts  and  payments  of  royalties  and  license  fees  generated  from  the  exchange  and  use  of  industrial  processes 
with  unaffiliated  foreign  residents,  by  region/country:  1987-91 
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R&D  performance  by  German  manufacturers:  1973-90 
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Appendix  A.  Appendix  Tables 


Appendix  table  6-13. 

Patent  classes  most  emphasized  by  inventors  from  the  United  States  patenting  in  the  United  States:  1981  and  1991 


Activity  index 


Patent  class 

Mineral  oils;  Processes  and  products . 

Chemistry,  hydrocarbons . 

Wells . 

Chemistry — Analytical  and  immunological  testing . 

Food  or  edible  material:  Processes,  compositions  and  products 

Superconductor  technology — Apparatus,  material,  process  .  .  . 

Error  detection/correction  and  fault  detection/recovery . 

Amplifiers . 

Chemistry — Molecular  biology  and  microbiology . 

Drug,  bio-affecting  and  body  treating  compositions . 

Chemistry,  lignins  or  reaction  products  thereof . 

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber. 

Compositions . 

Electrical  transmission  or  interconnection  systems . 

Electricity,  conductors  and  insulators . 

Induced  nuclear  reaction,  systems  and  elements . 

Electrical  connectors . 

Information  processing  system  organization . 

Catalyst,  solid  sorbent,  or  support  therefore,  product . 

Electricity,  electrical  systems  and  devices . 

Valves  and  valve  actuation . 

Electricity,  measuring  and  testing . 

Gas  separation . 

Pulse  or  digital  communications . 

Multiplex  communications . 

Communication,  electrical:  Acoustic  wave  systems  and  devices 

Classification  undetermined . 

Envelopes,  wrappers  &  paperboard  boxes . 

Process  disinfecting,  deodorizing,  preserving  or  sterilizing  .  .  .  . 
Semiconductor  device  manufacturing  process . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Telecommunications . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Surgery . 

Optical  waveguides . 

Surgery . 

Compositions  &  Ceramic . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Part  of  the  class  532-570  series — organic  compounds . 

Coded  data  generation  or  conversion . 

Heat  exchange . 

Part  of  the  class  532-570  series — organic  compounds . 

Electrical  computers  and  data  processing  systems . 

Wave  transmission  lines  and  networks . 

Coating  processes . 

Communications,  directive  radio  wave  systems  &  devices  .... 

Fluid  handling . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Electric  power  conversion  systems . 

Cleaning  and  liquid  contact  with  solids . 


Class  number 

1981 

1991 

208 

1.813 

1.977 

585 

1,786 

1.938 

166 

1.747 

1.777 

436 

1.340 

1.523 

426 

1.146 

1.438 

505 

0.000 

1.434 

371 

1.395 

1  432 

330 

1.017 

1  415 

435 

1.107 

1.402 

424 

1.092 

1.386 

530 

1.225 

1.373 

521 

1.114 

1.371 

252 

1.356 

1.359 

307 

1.216 

1.359 

174 

1.216 

1.348 

376 

0.787 

1.344 

439 

1.572 

1.334 

395 

1.594 

1.333 

502 

1.593 

1.331 

361 

1.215 

1.323 

251 

1.207 

1.317 

324 

1.095 

1.311 

55 

1.078 

1.311 

375 

1.222 

1.308 

370 

1.084 

1.304 

367 

1.236 

1.296 

1 

0.944 

1.289 

229 

1  638 

1.280 

422 

1.041 

1.277 

437 

1.425 

1.264 

525 

1.341 

1.262 

455 

0.989 

1.259 

526 

1.202 

1.257 

604 

1.095 

1.253 

385 

1.016 

1.252 

606 

0,631 

1.251 

501 

0.967 

1.247 

523 

1.310 

1.242 

556 

1.391 

1.234 

341 

1.365 

1.230 

165 

1.074 

1.217 

564 

1,541 

1.217 

364 

1.234 

1.209 

333 

0.971 

1.207 

427 

1.122 

1.205 

342 

1.012 

1.194 

137 

1.024 

1.192 

524 

1.339 

1.191 

363 

1.187 

1.190 

134 

1.102 

1.177 

NOTES;  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year  Listing  is  limited  to  Patent  and  T rademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1 991 . 

SOURCE:  Office  of  Information  Systems,  TAF  Program.  Patent  and  Trademark  Office.  "Country  Activity  Index  Report.  Corporate  Patenting  1991."  report  prepared  for 
the  Nation  'cience  Foundat.on  (Washri.glon.  DC:  Sept.  1992), 

See  text  ta..  ,6-1 
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Appendix  table  6-14. 

Patent  classes  most  emphasized  by  inventors  from  Japan  patenting  in  the  United  States:  1981  and  1991 


Activity  index 


Patent  class 

Dynamic  information  storage  or  retrieval . 

Photography . 

Photocopying . 

Dynamic  magnetic  information  storage  or  retrieval . 

Typewriting  machines . 

Radiation  imagery  chemistry — process,  composition  or  products 

Recorders . 

Pictorial  communication;  television . 

Static  information  storage  and  retrieval . 

Active  solid  state  devices,  e  g.,  transistors,  solid  state  diodes .  . 

Sewing . 

Music . 

Motor  vehicles . 

Internal-combustion  engines . 

Image  analysis . 

Machine  elements  and  mechanisms . 

Electricity,  motive  power  systems . 

Metal  treatment . 

Registers . 

Coating  apparatus . 

Optics,  systems  (including  communication)  and  elements  .... 

Electrical  generator  or  motor  structure . 

Clutches  and  power-stop  control . 

Sheet  feeding  or  delivering . 

Information  processing  system  organization . 

Electrical  audio  signal  processing  and  systems . 

Electrical  computers  and  data  processing  systems . 

Radiant  energy . 

Semiconductor  device  manufacturing  process . 

Stock  material  or  miscellaneous  articles . 

Chemistry,  electrical  current  producing  apparatus,  pro . 

Coherent  light  generators . 

Compositions  &  Ceramic . 

Error  detection/correction  and  fault  detection/recovery . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Coded  data  generation  or  conversion . 

Electrical  transmission  or  interconnection  systems . 

Electricity,  circuit  makers  and  breakers . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 
Telecommunications . 

Multiplex  communications . 

Glass  manufacturing . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 
Pari  of  the  class  520  series — synthetic  resins  or  natural  rubber. 
Winding  and  reeling . 

Coating  processes . 

Superconductor  technology;  Apparatus,  material,  process  .... 

Metallurgy . 

Electric  heating . 

Telephonic  communications . 


Class  number 

1981 

1991 

369 

2.987 

3.213 

354 

4.319 

3.192 

355 

3.257 

3.142 

360 

3.122 

2.912 

400 

1.123 

2.602 

430 

3.171 

2.533 

346 

2.902 

2.491 

358 

2.443 

2.474 

365 

1.657 

2.432 

357 

2.103 

2.202 

112 

1.813 

2.196 

84 

1.631 

2.127 

186 

1.073 

2  124 

123 

2.577 

2.065 

382 

1,323 

2.060 

74 

1.525 

2.032 

318 

1.509 

1,965 

148 

2.075 

1.913 

235 

0.813 

1.845 

118 

1.544 

1.797 

359 

2.442 

1.785 

310 

1.374 

1.753 

192 

1.351 

1.731 

271 

1.587 

1.719 

395 

1.228 

1.713 

381 

1.954 

1,623 

364 

1.575 

1.547 

250 

1.187 

1.535 

437 

1.549 

1.528 

428 

1.268 

1.507 

429 

0.620 

1.379 

372 

0.795 

1.354 

501 

2.129 

1.336 

371 

0.857 

1.322 

526 

1.538 

1.320 

341 

1.068 

1.310 

307 

1.638 

1.298 

200 

1.311 

1.246 

525 

1.549 

1.237 

455 

2.325 

1.237 

370 

0.683 

1.222 

65 

0.779 

1.187 

523 

1.383 

1,181 

524 

1.265 

1.177 

242 

1.387 

1.165 

427 

1.156 

1.147 

505 

0.000 

1.141 

75 

1.516 

1.140 

219 

1.422 

1.138 

379 

0.660 

1.137 

NOTES:  The  acrivity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  afl  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991 . 

SOURCE  O"  -e  of  Information  Systems.  TAP  Program.  Patent  and  Trademark  Office.  'Country  Activity  Index  Report.  Corporate  Patenting  1991 ."  report  prepared  for 
the  Nationa  nee  Foundation  (Washington.  DC:  Sept  1992), 

See  text  table  6-1 . 
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Appendix  table  6-15. 

Patent  classes  most  emphasized  by  inventors  from  Germany  patenting  in  the  United  States;  1981  and  1991 


Patent  class 

Printing . 

Chemistry,  fertilizers . 

Part  of  the  class  532-570  series — organic  compounds . 

Part  of  the  class  532-570  senes — organic  compounds . 

Part  of  the  class  532-570  series — organic  compounds . 

Ammunition  and  explosives . 

Bearing  or  guides . 

Winding  and  reeling . 

Brakes . 

Compositions,  coating  or  plastic . 

Pan  of  the  class  520  series— synthetic  resins  or  natural  rubber 

Internal-combustion  engines . 

Typewriting  machines . 

Chemistry,  inorganic . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

X-ray  or  gamma  ray  systems  or  devices . 

Plastic  article  or  earthenware  shaping  or  treating:  ap . 

Metal  deforming . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber 
Part  of  the  class  532-570  series— organic  compounds . 

Part  of  the  class  532-570  series— organic  compounds . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber 

Clutches  and  power-stop  control . 

Power  plants . 

Chemistry,  electrical  and  wave  energy . 

Sheet  feeding  or  delivering . 

Solid  material  comminution  or  disintegration . 

Metal  founding . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber 
Package  making . 

Conveyers,  power-driven . 

Land  vehicles,  bodies  and  tops . 

Drug,  bio-affecting  and  body  treating  compositions . 

Heat  exchange . 

Part  of  the  class  532-570  series — organic  compounds . 

Electric  power  conversion  systems . 

Pumps . 

Fluid  sprinkling,  spraying  and  diffusing . 

Joints  and  connections . 

Plastic  and  nonmetallic  article  shaping  or  treating:  Process  .  . 

Cutting . 

Optical  waveguides . 

Machine  elements  and  mechanisms . 

Sewing . 

Cutlery . 

Catalyst,  solid  sorbent,  or  support  therefore,  product . 

Measuring  and  testing . 

Part  of  the  class  532-570  series — organic  compounds . 

Electricity,  circuit  makers  and  breakers . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber 


Activity  index 


Class  number 

1981 

1991 

101 

1.275 

4.684 

71 

1.616 

3.620 

568 

1.799 

3.058 

548 

2.277 

2.524 

560 

1.624 

2.419 

102 

1.679 

2.401 

384 

1.679 

2.213 

242 

1.099 

2.088 

188 

1.587 

1.949 

106 

1.390 

1.874 

528 

1.703 

1.871 

123 

2.016 

1.836 

400 

1.394 

1.804 

423 

1  329 

1.796 

521 

2.010 

1.793 

378 

3.085 

1.791 

425 

1.209 

1.769 

72 

1.151 

1.749 

524 

1.537 

1.747 

556 

1.259 

1.656 

564 

1.263 

1.649 

525 

1.056 

1.618 

192 

1.431 

1.608 

60 

0.763 

1.569 

204 

1.030 

1.548 

271 

2.315 

1.528 

241 

0.805 

1.507 

164 

0.720 

1.503 

523 

1.176 

1.480 

53 

1.255 

1,469 

198 

1.453 

1.464 

296 

1.269 

1.449 

514 

1.655 

1.423 

165 

0.750 

1.368 

549 

1.243 

1.362 

363 

0.835 

1.357 

417 

1,132 

1.331 

239 

0.872 

1.326 

403 

1.061 

1.312 

264 

1.094 

1.280 

83 

1.155 

1.269 

385 

1.230 

1.265 

74 

1.387 

1.255 

112 

1.865 

1.245 

30 

0.532 

1.239 

502 

0.856 

1.236 

73 

1.207 

1.233 

536 

0.429 

1.230 

200 

1.003 

1.228 

526 

1.101 

1.224 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991.  German 
data  are  for  the  former  West  Germany  only. 

SOURCE  e  of  Information  Systems.  TAF  Program.  Patent  and  Trademark  Office.  "Country  Activity  Index  Report,  Corporate  Patenting  1991 .  '  report  prepared  for 
the  Nationa,  ocience  Foundation  (Washington.  DC  Sept.  1992). 

See  text  table  6-1 
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Appendix  table  6-16. 

Patent  classes  most  emphasized  by  inventors  from  Canada  patenting  in  the  United  States:  1981  and  1991 


Patent  class 

Metallurgy . 

Chemistry,  inorganic . 

Electricity,  conductors  and  insulators . 

Plastic  article  or  earthenware  shaping  or  treating:  ap . 

Multiplex  communications . 

Chemistry;  Analytical  and  immunological  testing . 

Telephonic  rjommunications . 

Static  structures,  e.g.,  buildings . 

Supports . 

Mineral  oils:  Processes  and  products . 

Apparel . 

Wells . 

Chemistry,  electrical  current  producing  apparatus,  product  and  process 

Material  or  article  handling . 

Cleaning  and  liquid  contact  with  solids . 

Fluid  sprinkling,  spraying  and  diffusing . 

Solid  material  comminution  or  disintegration . 

Harvesters . 

Animal  husbandry . 

Optical  waveguides . 

Compositions:  Ceramic . 

Chemistry,  fertilizers . 

Adhesive  bonding  and  miscellaneous  chemical  manufacture . 

Measuring  and  testing . 

Wave  transmission  lines  and  networks . 

Movable  or  removable  closures . 

Electricity,  circuit  makers  and  breakers . 

Pipe  joints  or  couplings . 

Sewing . 

Liquid  purification  or  separation . 

Electric  power  conversion  systems . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber . 

Chemistry:  Molecular  biology  and  microbiology . 

Plastic  and  nonmetallic  article  shaping  or  treating:  Process . 

Electric  heating . 

Heat  exchange . 

Motor  vehicles . 

Conveyers,  power-driven . 

Locks  . 

Amplifiers . 

Bearing  or  guides . 

Chemistry,  electrical  and  wave  energy . 

Refrigeration . 

Metal  founding . 

Optics,  measuring  and  testing . 

Metal  working . 

Receptacles . 

Envelopes,  wrappers  and  paperboard  boxes . 

Dispensing . 

Coherent  light  generators . 


Activity  index 


Class  number  1981  1991 


75 

3.282 

5.229 

423 

2.491 

3.452 

174 

2.512 

3.426 

425 

3.797 

3.387 

370 

1.459 

3.323 

436 

0.417 

2.853 

379 

5.820 

2.809 

52 

1.594 

2.500 

248 

1.106 

2.425 

208 

3.218 

2.402 

2 

0.597 

2.280 

166 

2.082 

2.245 

429 

0.000 

2.224 

414 

1.238 

2.219 

134 

0.938 

2.173 

239 

0.318 

1.939 

241 

2.698 

1.917 

56 

1.683 

1.908 

119 

0.000 

1.844 

385 

4.007 

1.727 

501 

2.421 

1.679 

71 

0.000 

1.672 

156 

1.050 

1.657 

73 

1.334 

1,643 

333 

1.191 

1.620 

49 

1.417 

1,609 

200 

0.000 

1.596 

285 

0.460 

1.582 

112 

0.000 

1.533 

210 

2.157 

1.519 

363 

2.913 

1.512 

521 

0.366 

1.498 

435 

0.000 

1.477 

264 

1.002 

1.461 

219 

0.597 

1.430 

165 

1.712 

1.412 

180 

0.970 

1.404 

198 

1.106 

1.394 

70 

2.626 

1.384 

330 

0.566 

1.355 

384 

0.000 

1.328 

204 

1.785 

1.315 

62 

0.877 

1.271 

164 

1.005 

1.256 

356 

1.192 

1.189 

29 

0.733 

1.180 

220 

2.060 

1.161 

229 

0.615 

1.161 

222 

0.932 

1.150 

372 

1.437 

1.142 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  Trademark  Office  that  received  at  least  200  patents  from  all  countries  in  1991. 

SOURCE:  Of  ice  of  Information  Systems.  TAF  Program,  Patent  and  Trademark  Office,  “Country  Activity  Index  Report.  Corporate  Patenting  1991 report  prepared  for 
the  Nation  ence  Foundation  (Washington,  DC:  Sept.  1992). 

See  text  table  6-2. 
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Appendix  table  6-1 7. 

Patent  classes  most  emphasized  by  inventors  from  France  patenting  in  the  United  States:  1981  and  1991 


Patent  class 

Induced  nuclear  reaction,  systems  and  elements . 

Wave  transmission  lines  and  networks . 

Brakes . 

Part  of  the  class  532-570  series — organic  compounds . 

Part  of  the  class  532-570  series — organic  compounds . 

Communications,  directive  radio  wave  systems  &  devices  .  .  .  . 

X-ray  or  gamma  ray  systems  or  devices . 

Glass  manufacturing . 

Pipe  joints  or  couplings . 

Communication,  electrical:  Acoustic  wave  systems  and  devices 

Part  of  the  class  532-570  series — organic  compounds . 

Chemistry,  inorganic . 

Registers . 

Electricity,  circuit  makers  and  breakers . 

Aeronautics . 

Land  vehicle . 

Movable  or  removable  closures . 

Catalyst,  solid  sorbent,  or  support  therefore,  product . 

Part  of  the  class  532-570  series — organic  compounds . 

Pulse  or  digital  communications . 

Drug,  bio-affecting  and  body  treating  compositions . 

Metal  founding . 

Chemistry,  lignins  or  reaction  products  thereof . 

Harvesters . 

Mineral  oils:  Processes  and  products . 

Process  disinfecting,  deodorizing,  preserving  or  sterilizing  ,  .  .  , 

Drug,  bio-affecting  and  body  treating  compositions . 

Metal  treatment . 

Electricity,  electrical  systems  and  devices . 

Electric  lamp  and  discharge  devices . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Multiplex  communications . 

Amplifiers . 

Chairs  and  seats . 

Error  detection/correction  and  fault  detection/recovery . 

Prothesis  (i.e.,  artificial  body  members),  parts  or  aid . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 

Electricity,  motive  power  systems . 

Electric  lamp  and  discharge  devices,  systems . 

Coded  data  generation  or  conversion . 

Joints  and  connections . 

Clutches  and  power-stop  control . 

Optics,  measuring  and  testing . 

Adhesive  bonding  and  miscellaneous  chemical  manufacture  .  . 
Abrading . 

Electrical  generator  or  motor  structure . 

Power  plants . 

Compositions . 

Package  making . 

Part  of  the  class  532-570  series — organic  compounds . 


Activity  index 


Class  number  1981  1991 


376 

1.496 

4.750 

333 

3.082 

3.193 

188 

1.274 

2.934 

564 

1,053 

2.910 

560 

0.804 

2.725 

342 

1.916 

2,702 

378 

0.774 

2.647 

65 

1.552 

2.591 

285 

1.871 

2.525 

367 

1.954 

2,477 

568 

1.569 

2.475 

423 

1.300 

2.465 

235 

2.173 

2.302 

200 

0.604 

2.246 

244 

1.609 

2.092 

280 

0.697 

2.090 

49 

0.524 

2.076 

502 

0.883 

2.069 

536 

0.797 

2.025 

375 

3.575 

1.976 

514 

2.045 

1.916 

164 

2.043 

1.916 

530 

0.921 

1.796 

56 

1.400 

1.790 

208 

0.357 

1.690 

422 

0.653 

1,606 

424 

1.666 

1,598 

148 

1.060 

1.576 

361 

0.646 

1.543 

313 

0.503 

1.496 

526 

1,363 

1.470 

370 

3.505 

1.448 

330 

1.255 

1.431 

297 

1.273 

1.430 

371 

0.827 

1.406 

623 

1.277 

1.378 

528 

1.106 

1.363 

318 

0.819 

1.359 

315 

1.583 

1.353 

341 

1.427 

1.312 

403 

1.011 

1.310 

192 

0.359 

1.304 

356 

1.058 

1,302 

156 

0.949 

1.296 

51 

1.062 

1.295 

310 

1.193 

1.264 

60 

1.221 

1.262 

252 

1.159 

1.252 

53 

0.883 

1,248 

549 

1.872 

1.246 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991. 

SOURCE:  Office  of  Information  Systems,  TAP  Program.  Patent  and  Trademark  Office,  "Country  Activity  Index  Report,  Corporate  Patenting  1991.'  report  prepared  for 
the  Nation.-  ence  Foundation  (Washington.  DC.  Sept.  1992). 

See  text  table  6-2. 
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Appendix  table  6-1 8. 

Patent  classes  most  emphasized  by  inventors  from  Great  Britain  patenting  in  the  United  States:  1981  and  1991 


Patent  class 

Drug,  bio-atfecting  and  body  treating  compositions . 

Joints  and  connections . 

Chemistry,  fertilizers . 

Metal  fusion  bonding . 

Optical  waveguides . 

Aeronautics . 

Part  of  the  class  532-570  series — organic  compounds . 

Pulse  or  digital  communications . 

Drug,  bio-affecting  and  body  treating  compositions . 

Wells . 

Brakes . 

Conveyers,  power-driven . 

Glass  manufacturing . 

Compositions . 

Communications,  directive  radio  wave  systems  &  devices . 

Geometrical  instruments . 

Pictorial  communication:  television . 

Pipe  joints  or  couplings . 

Hydraulic  and  earth  engineering . 

Catalyst,  solid  sorbent,  or  support  therefore,  product . 

Electric  heating . 

Part  of  the  class  532-570  series — organic  compounds . 

Metallurgy . 

Chemistry,  electrical  current  producing  apparatus,  product  and  process 
Power  plants . 

Sheet  feeding  or  delivering . 

Measuring  and  testing . 

Compositions,  coating  or  plastic . 

Pumps . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber . 

Metal  deforming . 

Part  of  the  class  532-570  series — organic  compounds . 

Electric  lamp  and  discharge  devices,  systems . 

Cutlery . 

Optics,  measuring  and  testing . 

Chemistry,  inorganic . 

Optics,  systems  (including  communication)  and  elements . 

Coded  data  generation  or  conversion . 

Communications,  electrical . 

Coating  processes . 

Registers . 

Surgery . 

Locks  . 

Part  of  the  class  532-570  series — organic  compounds . 

Radiant  energy . 

Chemistry;  Molecular  biology  and  microbiology . 

Static  structures,  e.g„  buildings . 

Amplifiers . 

Chemistry,  electrical  and  wave  energy . 

Electricity,  measuring  and  testing . 


Activity  index 


Class  number 

1981 

1991 

514 

2.899 

2.988 

403 

1.926 

2.702 

71 

1.798 

2.698 

228 

1.370 

2.416 

385 

1.254 

2.388 

244 

0.511 

2.158 

548 

1.302 

2.042 

375 

1.376 

2.038 

424 

2.302 

2.007 

166 

0.559 

1.976 

188 

2.003 

1.958 

198 

2.193 

1.928 

65 

1.075 

1,909 

252 

1.839 

1.901 

342 

1.390 

1.900 

33 

0.550 

1.897 

358 

1.219 

1.812 

285 

1.296 

1.685 

405 

1.452 

1.664 

502 

1.047 

1.622 

219 

1.121 

1.616 

549 

0.969 

1.607 

75 

0.881 

1.558 

429 

0.868 

1.538 

60 

1,724 

1.532 

271 

0.467 

1.403 

73 

0.974 

1.383 

106 

1,562 

1.355 

417 

2.283 

1.353 

523 

1,079 

1.347 

72 

1.372 

1.341 

556 

1.376 

1.340 

315 

1,340 

1.309 

30 

0.558 

1.286 

356 

1.343 

1.279 

423 

1,468 

1.235 

359 

0.618 

1.231 

341 

0.302 

1.218 

340 

1.486 

1.195 

427 

0.998 

1.193 

235 

0.460 

1.187 

604 

0.427 

1.180 

70 

0.411 

1.172 

564 

0.764 

1.167 

250 

1.724 

1.165 

435 

0.677 

1.152 

52 

0.554 

1.152 

330 

0.886 

1.148 

204 

1.257 

1.131 

324 

1.313 

1.115 

NOTES:  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991 . 

SOURCE:  Office  of  Information  Systems,  TAP  Program,  Patent  and  Trademark  Office,  "Country  Activity  Index  Report,  Corporate  Patenting  1991,"  report  prepared  tor 
the  Nationa'  nee  Foundation  (Washington,  DC:  Sept.  1992). 

See  text  table  t>-2. 
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Appendix  table  6-19. 

Patent  classes  most  emphasized  by  Inventors  from  Taiwan  patenting  In  the  United  States:  1981  and  1991 


Patent  class 

Locks  . 

Superconductor  technology:  Apparatus,  material,  process . 

Closure  fasteners . 

Metallurgy . 

An’usement  and  exercising  devices . 

Semiconductor  device  manufacturing  process . 

Electricity,  conductors  and  insulators . 

Electricity,  circuit  makers  and  breakers . 

Error  detection/correction  and  fault  detection/recovery . 

Electrical  connectors . 

Brushing,  scrubbing  and  general  cleaning . 

Metal  deforming . 

Illumination . 

Telephonic  communications . 

Pumps . 

Plastic  article  or  earthenware  shaping  or  treating:  ap . 

Coded  data  generation  or  conversion . 

Classification  undetermined . 

Pulse  or  digital  communications . 

Supports . 

Winding  and  reeling . 

Chemistry,  inorganic . 

Movable  or  removable  closures . 

Stoves  and  furnaces . 

Amusement  devices,  toys . 

Tools . 

Electric  power  conversion  systems . 

Brakes . 

Metal  fusion  bonding . 

Communications,  electrical . 

Supports,  racks . 

Fishing,  trapping  and  vermin  destroying . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber. 
Part  of  the  class  520  series— synthetic  resins  or  natural  rubber.  . 
Chairs  and  seats . 

Mineral  oils:  Processes  and  products . 

Electrical  audio  signal  processing  and  systems . 

Radiation  imagery  chemistry — process,  composition  or  products 

Machine  elements  and  mechanisms . 

Part  of  the  class  532-570  series — organic  compounds . 

Fluid  sprinkling,  spraying  and  diffusing . 

Compositions  &  Ceramic . 

Amusement  devices,  games . 

Package  making . 

Receptacles . 

Electricity,  motive  power  systems . 

Electric  lamp  and  discharge  devices,  systems . 

Dynamic  information  storage  or  retrieval . 

Static  information  storage  and  retrieval . 

Electrical  generator  or  motor  structure . 


Activity  index 


Class  number 

1981 

1991 

70 

0.000 

9.401 

505 

0.000 

9.401 

292 

0.000 

8.735 

75 

31 .320 

8.197 

272 

0.000 

8.062 

437 

0.000 

7.093 

174 

0.000 

5.818 

200 

0.000 

5.420 

371 

0.000 

5.089 

439 

0.000 

4.721 

15 

0.000 

4.572 

72 

19.517 

4.345 

362 

0.000 

4.342 

379 

0.000 

4.089 

417 

0.000 

4.069 

425 

0.000 

3.834 

341 

0.000 

3.799 

1 

0.000 

3.571 

375 

0.000 

3.179 

248 

0.000 

3.138 

242 

0.000 

3.073 

423 

9.787 

3.059 

49 

0.000 

2.732 

126 

0.000 

2.732 

446 

28.350 

2.732 

81 

0.000 

2.654 

363 

0.000 

2.568 

188 

0.000 

2.499 

228 

0.000 

2.422 

340 

10.229 

2.396 

211 

0.000 

2.360 

43 

0.000 

2.201 

523 

0.000 

2.101 

525 

0.000 

2.075 

297 

0.000 

2.070 

208 

0.000 

2.039 

381 

0.000 

1.887 

430 

0.000 

1.850 

74 

0.000 

1.781 

568 

0.000 

1  558 

239 

0.000 

1.464 

501 

0.000 

1.426 

273 

0.000 

1.406 

53 

0.000 

1.390 

220 

0.000 

1.314 

318 

0.000 

1.311 

315 

0.000 

1.224 

369 

0.000 

1.175 

365 

0.000 

1.170 

310 

0.000 

1.144 

NOTES:  The  activity  Index  Is  the  percentage  of  the  patents  In  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
Inventors  from  that  country  In  that  year.  Listing  Is  limited  to  Patent  and  Trademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991. 

SOURCE:  Office  of  Information  Systems,  TAF  Program,  Patent  and  Trademark  Office,  ‘Country  Activity  Index  Report.  Corporate  Patenting  1991,"  report  prepared  for 
the  Natio  '•cience  Foundation  (Washington,  DC:  Sept.  1992). 

See  text  tauie  6-3. 
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Appendix  table  6-20. 

Patent  classes  most  emphasized  by  inventors  from  South  Korea  patenting  in  the  United  States:  1981  and  1991 


Activity  index 


Patent  class 


Class  number  1981  1991 


Electric  lamp  and  discharge  devices . 

Semiconductor  device  manufacturing  process . 

Static  Information  storage  and  retrieval . 

Telephonic  communications . 

Pictorial  communication:  television . 

Electrical  transmission  or  Interconnection  systems . 

Dynamic  magnetic  information  storage  or  retrieval . 

Pulse  or  digital  communications . 

Electric  heating . 

Gas  separation . 

Registers . 

Joints  and  connections . 

Multiplex  communications . 

Electric  lamp  and  discharge  devices,  systems . 

Active  solid  state  devices,  e  g.,  transistors,  solid  state  diodes . 

Error  detection/ correction  and  fault  detection/recovery . 

Sheet  feeding  or  delivering . 

Metal  fusion  bonding . 

Refrigeration . 

Winding  and  reeling . 

Telecommunications . 

Part  of  the  class  520  series— synthetic  resins  or  natural  rubber 

Electrical  audio  signal  processing  and  systems . 

X-ray  or  gamma  ray  systems  or  devices . 

Optics,  systems  (including  communication)  and  elements  ... 

Dynamic  information  storage  or  retrieval . 

Metal  treatment . 

Typewriting  machines . 

Electricity,  electrical  systems  and  devices . 

Compositions  &  Ceramic . 

Metallurgy . 

Stoves  and  furnaces . 

Amusement  devices,  toys . 

Land  vehicle . 

Tools . 

Electricity,  motive  power  systems . 

Part  of  the  class  532-570  series — organic  compounds . 

Chemistry:  Analytical  and  immunological  testing . 

Communications,  electrical . 

Part  of  the  class  532-570  series — organic  compounds . 

Amplifiers . 

Coating  processes . 

Part  of  the  class  520  series — synthetic  resins  or  natural  rubber 

Chairs  and  seats . 

Special  receptacle  or  package . 

Coded  data  generation  or  conversion . 

Electricity,  circuit  makers  and  breakers . 

Animal  husbandry . 

Machine  elements  and  mechanisms . 

Amusement  devices,  games . 


313 

0  000 

21  374 

437 

0  000 

10  194 

365 

0  000 

9.010 

379 

0.000 

6  995 

358 

0.000 

6  528 

307 

0  000 

6,517 

360 

0  000 

6  131 

375 

0  000 

4.079 

219 

0.000 

3.741 

55 

0.000 

3  726 

235 

0.000 

3.666 

403 

0.000 

3.650 

370 

0.000 

3.310 

315 

0000 

3.142 

357 

0.000 

2  659 

371 

0.000 

2.612 

271 

0.000 

2.527 

228 

0.000 

2.486 

62 

0000 

2.463 

242 

0.000 

2.366 

455 

0.000 

2  260 

528 

25.612 

1  947 

381 

0,000 

1.937 

378 

0.000 

1,873 

359 

0.000 

1,867 

369 

0000 

1.810 

148 

0.000 

1.802 

400 

0.000 

1.752 

361 

0.000 

1.496 

501 

0.000 

1.464 

75 

0.000 

1.402 

126 

0.000 

1.402 

446 

0.000 

1.402 

280 

0.000 

1.380 

81 

0.000 

1.362 

318 

0.000 

1.346 

560 

0.000 

1.265 

436 

0.000 

1.243 

340 

0.000 

1.230 

556 

0.000 

1.206 

330 

0.000 

1.181 

427 

0.000 

1.172 

523 

0.000 

1.078 

297 

0.000 

1.062 

206 

0.000 

1.001 

341 

0.000 

0.975 

200 

0.000 

0.927 

119 

0.000 

0.918 

74 

0.000 

0.914 

273 

0.000 

0.722 

NOTES  The  activity  index  is  the  percentage  of  the  patents  in  a  class  that  are  granted  to  inventors  from  one  country,  divided  by  the  percentage  of  all  patents  that  have 
inventors  from  that  country  in  that  year.  Listing  is  limited  to  Patent  and  T rademark  Office  classes  that  received  at  least  200  patents  from  all  countries  in  1991 

SOURCE  0“'r;e  ol  Information  Systems.  TAP  Program.  Patent  and  Trademark  Office,  for  the  National  Science  Foundation  (Washington.  DC;  Sept  1992) 
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SOURCE:  World  Intellectual  Property  Organization.  “Industrial  Property  Statistics”  (Geneva.  Switzerland:  1985-90). 
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Appendix  table  6-22. 

Number  of  international  patent  families  in  robot  technology,  by  year  of  patent  application 
and  priority  country:  1980-90 


Total 

United 

States 

Japan 

West 

Germany 

Priority  country 

Great 

Britain 

France 

East 

Germany 

South 

Korea 

Total . 

....  3,264 

761 

1,280 

561 

197 

398 

56 

10 

1980 . 

. .  .  .  117 

21 

52 

26 

4 

14 

0 

NA 

1981 . 

....  152 

31 

41 

26 

15 

28 

10 

NA 

1982 . 

....  219 

52 

114 

26 

15 

12 

0 

NA 

1983 . 

....  301 

68 

109 

52 

16 

26 

10 

NA 

1984 . 

....  333 

57 

145 

79 

28 

24 

0 

0 

1985 . 

....  356 

88 

124 

63 

25 

50 

5 

0 

1986 . 

....  382 

109 

145 

63 

14 

46 

5 

0 

1967 . 

....  371 

78 

161 

58 

26 

42 

5 

2 

1988 . 

....  428 

98 

150 

68 

19 

76 

15 

0 

1989 . 

....  308 

67 

109 

58 

22 

42 

5 

5 

1990 . 

....  298 

72 

130 

42 

13 

38 

0 

3 

NA  s  not  available 


NOTES:  An  international  patent  family  is  created  when  patent  protection  is  sought  outside  of  the  prionty  country.  Data  are  estimated  from  stratified 
random  sampling  of  database  records. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 
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Appendix  table  6-23. 

Patent  families,  highly  cited  families,  and  citation  ratios  for  robot  technology,  by  priority  country:  1981-90 


Number  of  Country  Country 

Number  of  highly  cited  share  of  share  of  Citation 

Priority  country  families  families'  total  highly  cited  ratio^ 

'Percent  ■  * 

1981-85  period 


Total .  3,891  53  100.0  100.0  1.0 

United  States .  745  5  19.1  9.6  0.5 

Japan .  1,606  36  41.3  67.5  1.6 

West  Germany .  472  5  12.1  9.8  0.8 

Great  Britain .  172  1  4.4  1.9  0.4 

France .  266  6  6.8  11.2  1.6 

East  Germany .  612  0  15.7  0.0  0.0 

South  Korea .  18  0  0.5  0.0  0.0 


1986-90  period 


Total .  5,539  64  100.0  100.0  1.0 

United  States .  1,061  26  19.2  40.5  2.1 

Japan .  2,533  26  45.7  40.5  0.9 

West  Germany .  803  5  14.5  8.2  0.6 

Great  Britain .  148  1  2.7  1.6  0.6 

France .  425  6  7.7  9.4  1.2 

East  Germany .  546  0  9.9  0.0  0.0 

South  Korea .  23  0  0.4  0.0  0.0 


'A  patent  family  was  considered  highly  Cited  if  the  number  of  citations  it  received  ranked  it  within  the  top  1  percent  compared  with  ali  other  robot 
technology  patent  families. 

'A  citation  ratio  of  greater  than  1.0  indicates  that  a  country  has  a  higher  share  of  highly  cited  patent  families  than  wouid  be  expected  based  on  its 
share  of  total  families. 

SOURCE:  World  Patents  Index  database  (London:  Denvent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  Natiohal  Science  Foundation. 


See  text  table  6-5. 
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Appendix  table  6-24. 

Number  of  international  patent  families  in  genetic  engineering,  by  year  of  patent  application 
and  priority  country:  1980-90 


Priority  country 


Total 

United 

States 

Japan 

West 

Germany 

Great 

Britain 

France 

East 

Germany 

South 

Korea 

Total  .... 

_  2,415 

1,392 

489 

197 

230 

95 

6 

6 

1980 . 

.  .  .  .  25 

18 

3 

0 

4 

0 

0 

0 

1981 . 

.  . . .  48 

21 

17 

3 

6 

1 

0 

0 

1982 . 

.  .  .  .  87 

64 

8 

4 

10 

1 

0 

0 

1983 . 

,  .  .  .  129 

73 

36 

5 

12 

2 

1 

0 

1984 . 

,  .  .  .  185 

109 

52 

9 

11 

3 

1 

0 

1985 . 

.  . . .  229 

141 

51 

16 

16 

5 

0 

0 

1986 . 

. . .  .  206 

97 

57 

17 

20 

11 

1 

3 

1987 . 

.  .  .  .  212 

124 

41 

22 

15 

9 

0 

1 

1988 . 

.  .  ,  .  370 

206 

59 

39 

46 

17 

2 

1 

1989 . 

.  .  .  .  483 

273 

85 

43 

54 

26 

1 

1 

1990 . 

.  .  . .  441 

266 

80 

39 

36 

20 

0 

0 

NOTES:  An  International  patent  family  is  created  when  patent  protection  is  sought  outside  of  the  priority  country.  Data  are  estimated  from 
stratified  random  sample  of  database  records. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications,  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 

See  figure  6-24.  Science  &  Engineering  Indicators  - 1993 


Appendix  table  6-25. 

Patent  families,  highly  cited  families,  and  citation  ratios  for  genetic  engineering, 
by  priority  country:  1981-90 


Number  of  Country  Country 

Number  of  highly  cited  share  of  share  of  Citation 


Priority  country  families  families’  total  highly  cited  ratio^ 


- Percent 

1981-85  period 


Total .  1,036  11  100.0  100.0  1.0 

United  States .  530  8  51.2  72.7  1.4 

Japan .  373  2  36.0  18.2  0.5 

West  Germany .  40  0  3.9  0.0  0.0 

Great  Britain .  57  1  5.5  9.1  1.7 

France .  17  0  1.6  0.0  0.0 

East  Germany .  19  0  1.8  9.8  0.8 

South  Korea .  NA  NA  NA  NA  NA 


1986-90  period 


Total .  3,020  35  100.0  100.0  1.0 

United  States .  1,125  23  37.3  65.7  1.8 

Japan .  1,317  6  43.6  17.1  0.4 

West  Germany .  196  0  6.5  0.0  0.0 

Great  Britain .  184  5  6.1  14.3  2.3 

France .  99  1  3.3  2.9  0.9 

East  Germany .  64  0  2.1  0.0  0.0 

South  Korea .  35  0  1.2  0.0  0.0 


NA  =  nor  available 

'A  patent  family  was  considered  highly  6ted  If  the  number  of  citations  it  received  ranked  it  within  the  top  1  percent  compared  with  all  other  genetic 
engineering  patent  families. 

^A  citation  ratio  of  greater  than  1 .0  indicates  that  a  country  has  a  higher  share  of  highly  cited  patent  families  than  would  be  expected  based  on  its 
share  of  total  families. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications,  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates 
under  contract  to  the  National  Science  Foundation. 


S  xt  table  6-8. 
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Appendix  table  6-26. 

Number  of  international  patent  families  in  optical  fiber  technology,  by  year  of  patent  application 
and  priority  country:  1980-90 


Total 

Priority  country 

United 

States 

Japan 

West 

Germany 

Great 

Britain 

France 

East 

Germany 

South 

Korea 

Total . 

1,872 

559 

684 

315 

165 

133 

10 

6 

1980 . 

61 

23 

14 

10 

5 

9 

0 

NA 

1981 . 

95 

32 

39 

10 

9 

5 

0 

NA 

1982 . 

104 

37 

42 

12 

6 

7 

0 

NA 

1983 . 

114 

35 

39 

22 

11 

6 

0 

1 

1984 . 

145 

37 

69 

17 

12 

8 

0 

2 

1985 . 

195 

46 

72 

44 

22 

10 

1 

0 

1986 . 

176 

51 

67 

34 

17 

6 

1 

0 

1987 . 

236 

59 

102 

35 

15 

20 

5 

0 

1988 . 

251 

71 

81 

48 

30 

20 

1 

0 

1989 . 

234 

83 

74 

38 

19 

16 

2 

2 

1990 . 

261 

85 

85 

45 

19 

26 

0 

1 

NA  =  not  available 

NOTES:  An  international  patent  family  is  created  when  patent  protection  is  sought  outside  of  the  priority  country.  Data  are  estimated  from  stratified 
random  sample  of  database  records. 

SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under 
contract  to  the  National  Science  Foundation. 

See  figure  6-25.  Science  S  Engineering  Indicators  - 1993 


Appendix  table  6-27. 

Patent  families,  highly  cited  families,  and  citation  ratios  for  optical  fiber  technology, 
by  priority  country:  1981-90 


Priority  country 

Number  of 
families 

Number 
of  highly  cited 
families^ 

Country  share 
of  total 

Country 
share  of 
highly  cited 

Citation 

ratio^ 

1981-85  period 

Total . 

.  2,043 

22 

100,0 

100.0 

1.0 

United  States . 

.  368 

8 

18.0 

36.4 

2.0 

Japan . 

.  1,299 

12 

63.6 

54.5 

0.9 

West  Germany . 

.  175 

1 

8.6 

4.5 

0.5 

Great  Britain . 

.  95 

1 

4,7 

4.5 

1.0 

France . 

.  66 

0 

3,2 

0.0 

0.0 

East  Germany . 

.  37 

0 

1.8 

0.0 

0.0 

South  Korea . 

.  3 

0 

0.1 

0.0 

0.0 

1986-90  period 

Total . 

.  4,717 

79 

100.0 

100.0 

1.0 

United  States . 

.  718 

31 

15.2 

39.2 

2.6 

Japan . 

.  3,245 

25 

68.8 

31.6 

0.5 

West  Germany . 

.  389 

7 

8.2 

8.9 

1.1 

Great  Britain . 

.  169 

10 

3.6 

12.7 

3.5 

France  . 

.  125 

6 

2.6 

7.6 

2.9 

East  Germany . 

.  66 

0 

1.4 

0.0 

0.0 

South  Korea . 

.  5 

0 

0.1 

0.0 

0.0 

^A  patent  family  was  considered  highly  cited  if  the  number  of  citations  it  received  ranked  it  within  the  top  1  percent  compared  with  all  other  optical  fiber 
technology  patent  families. 

^A  citation  ratio  of  greater  than  1 .0  indicates  that  a  country  has  a  higher  share  of  highly  cited  patent  families  than  would  be  expected  based  on  its 
share  of  total  families. 


SOURCE:  World  Patents  Index  database  (London:  Derwent  Publications.  LTD),  special  tabulations  by  Mogee  Research  &  Analysis  Associates  under 
contract  to  the  National  Science  Foundation. 


See  text  table  6-1 1 . 
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Appendix  table  6-29. 

Ownership  of  companies  active  in  high-tech  fields  operating  in  the  United  States,  by  country  of  ownership:  1993 
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Appendix  table  6-30. 

Leading  indicators  of  technological  competitiveness  for  selected  Asian  countries 


National  Socioeconomic  Technological  Productive 

Country  commitment  infrastructure  infrastructure  capacity 


Newly  industrializing  economies 

Hong  Kong .  1.254  0.949  (0.002)  0.273 

South  Korea .  0.924  0.893  1.126  1.065 

Singapore .  0.983  0.826  1.086  1.023 

Taiwan .  0.921  1.170  1.226  1.159 

Emerging  Aslan  economies 

China .  (1.214)  (1.411)  0.384  (0.534) 

India .  (0.425)  (1.682)  0.275  0.227 

Indonesia .  (0.847)  (0.566)  (1.160)  (1.764) 

Malaysia .  0.385  (0.263)  (0.368)  0.380 

Other  Asian  economies 

The  Philippines .  (1.364)  (0.179)  (1.443)  (0.652) 

Thailand .  (0.616)  (0.094)  (1.124)  (1.176) 


NOTE:  Scores  were  normalized  to  median  values  of  zero  lor  the  10  countries,  based  on  surveys  of  expert  opinion  conducted  in  1990  and 
statistical  data  for  the  late  1980s 

SOURCE;  J.  David  Roessner.  The  Capacity  for  Modernization  Among  Selected  Nations  of  Asia  and  the  Pacific  Rim,  final  report  prepared  for 
Joint  Management  Services.  Inc.  (Atlanta:  Georgia  Institute  of  Technology.  1992). 


See  figure  6-27.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-1 . 

Public  interest  in  selected  issues:  1979-92 


Issue  area 

Degree  of  interest 

1979 

1981 

1983 

1985 

1988 

1990 

1992 

Very . 

22 

35 

30 

Percent 

33 

33 

48 

38 

International  and  foreign  policy 

Moderately . 

53 

47 

47 

51 

50 

40 

47 

Not  at  all . 

24 

18 

22 

16 

16 

12 

15 

Very . 

36 

37 

48 

44 

43 

39 

36 

New  scientific  discoveries 

Moderately . 

49 

45 

40 

44 

46 

48 

49 

Not  at  all . 

14 

17 

11 

12 

12 

12 

15 

Use  of  new  inventions  and 

Very . 

33 

33 

42 

39 

40 

39 

37 

technologies 

Moderately . 

51 

50 

45 

49 

48 

49 

53 

Not  at  all . 

15 

16 

12 

12 

12 

12 

10 

Very . 

NA 

25 

27 

29 

34 

26 

22 

Space  exploration 

Moderately . 

NA 

44 

45 

46 

44 

48 

50 

Not  at  all . 

NA 

31 

28 

25 

22 

26 

28 

Very . 

46 

50 

39 

36 

38 

42 

32 

Energy/nuclear  power' 

Moderately . 

42 

40 

46 

50 

46 

44 

49 

Not  at  all . 

11 

10 

14 

13 

16 

14 

18 

Very . 

NA 

NA 

NA 

68 

75 

68 

66 

New  medical  discoveries 

Moderately . 

NA 

NA 

NA 

29 

25 

29 

31 

Not  at  all . 

NA 

NA 

NA 

3 

3 

3 

3 

Very . 

NA 

NA 

NA 

NA 

NA 

64 

59 

Environmental  pollution 

Moderately . 

NA 

NA 

NA 

NA 

NA 

31 

36 

Not  at  all . 

NA 

NA 

NA 

NA 

NA 

5 

5 

Economic  issues  and  business 

Very . 

35 

52 

57 

48 

48 

50 

56 

conditions 

Moderately . 

48 

37 

33 

41 

42 

40 

36 

Not  at  all . 

17 

10 

10 

11 

10 

10 

8 

N  = 

1,635 

3,195 

1,631 

2,005 

2,041 

2,033 

2,001 

“There  are  a  lot  of  issues  in  the  news  and  it  is  hard  >o  keep  up  with  every  area,  t'm  going  to  read  you  a  short  list  of  issues  and  for  each  one — as  /  read  it — /  would  like 
you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested.  ’ 

NA  =  not  asked 


NOTES:  “Don't  know"  responses  are  not  included.  Percentages  may  not  total  100  because  of  rounding. 

'In  1988. 1990,  and  1992,  the  question  was  worded.  “. . .  issues  about  the  use  of  nuclear  power  to  generate  electricity."  In  1979  to  1985,  the  question  was 
worded ". . .  issues  about  energy  policy." 

SOURCES:  J.D.  Miller  and  L.K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology,  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-1 . 
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Appendix  table  7-3. 

International  comparisons  of  public  interest  in  scientific  and  technological  issues;  1992 


Public  interest  in 

Region/country 

New  medical 
discoveries 

New  inventions 
and  technologies 

New  scientific 
discoveries 

Environmental 

pollution 

N 

European  Community  .  . 

45 

- Percent  - 

35 

38 

56 

12,800 

Belgium . 

36 

28 

29 

42 

1,000 

Denmark . 

39 

36 

39 

61 

1,000 

France . 

58 

42 

46 

59 

1,000 

Germany . 

35 

25 

26 

55 

2,000 

Greece . 

55 

44 

46 

74 

1,000 

Ireland . 

37 

30 

29 

39 

1,000 

Italy . 

45 

39 

45 

65 

1,000 

Luxembourg . 

46 

36 

37 

63 

500 

The  Netherlands . 

57 

44 

41 

63 

1,000 

Portugal . 

29 

21 

22 

37 

1,000 

Spain . 

39 

33 

37 

50 

1,000 

United  Kingdom . 

51 

39 

41 

50 

1,300 

Japan . 

31 

16 

13 

36 

1,457 

United  States . 

66 

37 

36 

59 

2,001 

SOURCES:  Commission  o(  the  European  Communities,  Europeans,  Science  and  Technology  -  Public  Understanding  and  Attitudes  [Eurobarometer  38. 1 )  (Brussels: 
Commission  of  the  European  Communities.  1 993).  J  O.  Miller  and  L.K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology,  1979-1992,  Integrate  J  Codebook 
(Chicago:  International  Center  for  the  Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1993),  and  National  Institute  of  Science  and  Technology 
Policy  (Japan),  Japan  National  Study,  1991  (Tokyo:  NISTEP,  1992). 

See  figure  7-3. 
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Appendix  table  7-4. 

Public  informedness  on  selected  issues:  1979-92 


Issue  area 

Degree  of  informedness 

1979 

1981 

1983 

1985 

1988 

1990 

1992 

Very  well-informed . 

8 

17 

14 

-  Percent  - 

15 

14 

22 

19 

International  and 

Modern  ,.y  well-informed  .... 

.  54 

54 

51 

53 

55 

57 

54 

foreign  policy 

Not  at  all  Informed . 

.  37 

28 

35 

32 

31 

22 

26 

Very  well-informed . 

.  10 

13 

13 

13 

14 

14 

12 

New  scientific  discoveries 

Moderately  well-informed  .... 

.  52 

49 

53 

59 

55 

55 

54 

Not  at  all  informed . 

.  37 

38 

34 

27 

31 

31 

34 

Use  of  new  inventions 

Very  well-informed . 

.  10 

11 

14 

12 

12 

11 

10 

and  technologies 

Moderately  well-informed  .... 

.  50 

48 

55 

54 

51 

53 

56 

Not  at  all  informed . 

.  39 

40 

32 

34 

36 

35 

33 

Very  well-informed . 

.  NA 

14 

13 

16 

13 

11 

9 

Space  exploration 

Moderately  well-infomied  .... 

.  NA 

46 

52 

52 

52 

51 

48 

Not  at  all  informed . 

.  NA 

40 

34 

32 

34 

38 

44 

Very  well-informed . 

.  18 

23 

19 

16 

13 

12 

10 

Energy/nuclear  power’ 

Moderately  well-informed  .... 

.  58 

56 

56 

55 

47 

50 

43 

Not  at  all  informed . 

.  23 

21 

24 

29 

39 

38 

46 

Very  well-informed . 

.  NA 

NA 

NA 

24 

22 

24 

22 

New  medical  discoveries 

Moderately  well-informed  .... 

.  NA 

NA 

NA 

57 

59 

57 

58 

Not  at  all  informed . 

.  NA 

NA 

NA 

18 

19 

20 

21 

Very  well-informed . 

.  NA 

NA 

NA 

NA 

NA 

32 

29 

Environmental  pollution 

Moderately  well-informed  .... 

.  NA 

NA 

NA 

NA 

NA 

55 

56 

Not  at  all  informed . 

.  NA 

NA 

NA 

NA 

NA 

13 

15 

Economic  issues  and 

Very  well-informed . 

.  14 

29 

28 

22 

22 

25 

29 

business  conditions 

Moderately  well-informed  .... 

.  55 

51 

52 

51 

55 

55 

54 

Not  at  all  informed . 

.  31 

20 

20 

26 

22 

20 

17 

N=. 

.  1,635 

3,195 

1,631 

2,005 

2,041 

2,033 

2,001 

“There  are  a  lot  of  issues  in  the  news  and  it  is  hard  to  keep  up  with  every  area.  Tm  going  to  read  you  a  short  list  of  issues  and  for  each  one— as  I  read  it— I  would  like 
you  to  tell  me  if  you  are  very  interested,  moderately  interest^,  or  not  at  all  interested. 

“Now,  Td  like  to  go  through  this  list  with  you  again  and  tor  each  issue  I'd  like  you  to  tell  me  if  you  are  very  well-informed,  moderately  well-informed,  or  poorly  informed. ' 
NA  =  not  asked 

NOTES:  “Don't  know"  responses  are  not  included.  Percentages  may  not  total  tOO  because  of  rounding. 

'In  1988. 1990,  and  1992.  the  question  was  worded  “. . .  issues  about  the  use  of  nudear  power  to  generate  electricity "  In  1979  to  1985.  the  question  was  worded 
. .  issues  about  energy  policy." 

SOURCES:  J.D.  Miller  and  L.K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology,  1979-1992,  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  figure  7-1 , 
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Appendix  table  7-6. 

International  comparisons  of  public  informedness  on  scientific  and  technological  issues:  1992 


Region/country 

New  medical 
discoveries 

Percent  “very  well  informed”  about 

New  inventions  New  scientific 

and  technologies  discoveries 

Environmental 

pollution 

N 

European  Community  .  . 

12 

- Percent 

9 

9 

25 

12,800 

Belgium . 

14 

11 

9 

24 

1,000 

Denmark . 

11 

12 

11 

27 

1,000 

France . 

>0 

14 

16 

30 

1,000 

Germany . 

10 

7 

7 

26 

2,000 

Greece . 

11 

8 

8 

29 

1,000 

Ireland . 

8 

8 

7 

14 

1,000 

Italy . 

11 

9 

9 

28 

1,000 

Luxembourg . 

16 

13 

13 

34 

500 

The  Netherlands . 

15 

12 

10 

31 

1,000 

Portugal . 

6 

4 

4 

14 

1,000 

Spain . 

7 

7 

6 

16 

1,000 

United  Kingdom . 

13 

11 

10 

23 

1,300 

Japan . 

5 

2 

2 

8 

1,457 

United  States . 

22 

10 

12 

29 

2,001 

"There  are  a  lot  of  issues  in  the  news  and  it  is  hard  to  keep  up  with  every  area,  t'm  going  to  read  you  a  short  list  of  Issues  and  for  each  one-as  I  read  il-l  would  like 
you  to  tell  me  if  you  are  very  interested,  moderately  interested,  or  not  at  all  interested. " 

"Now  Tdlike  logo  through  this  list  with  you  again  and  for  each  issue  Td  like  you  to  tell  me  if  you  are  well-informed,  moderately  well-informed,  or  poody  informed.' 

SOURCES:  Commission  of  the  European  Communities,  Europeans.  Science  and  Technology  -  Public  Understanding  and  Attitudes  [Eurobarometer  38. 1 )  (Brussels: 
Commission  of  the  European  Communities.  1993).  J.D.  Miller  and  L.K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology.  1 979- 1 992.  Integrated  Codebook 
(Chicago:  International  Center  (or  the  Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  National  Institute  of  Science  and  Technology 
Policy  (Japan),  Japan  National  Study.  1991  (Tokyo:  NISTEP,  1992) 

See  figure  7-4,  Science  i  Engineering  Indicators  - 1993 
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Appendix  table  7-7, 

Public  attentiveness  to  selected  issues:  1979-92 


Issue  area 

Degree  of  attentiveness 

1979 

1981 

1983 

1985 

1988 

1990 

1992 

Attentive  public . 

.  6 

6 

8 

8 

8 

14 

11 

International  and 

Interested  public . 

.  16 

29 

23 

25 

25 

34 

27 

foreign  policy 

Residual . 

.  78 

65 

70 

67 

67 

52 

62 

Attentive  public . 

.  7 

9 

9 

8 

8 

8 

7 

New  scientific 

Interested  public . 

.  29 

28 

40 

36 

34 

31 

29 

discoveries 

Residual . 

.  64 

63 

52 

56 

57 

61 

64 

Use  of  new  inventions 

Attentive  public . 

.  6 

8 

8 

8 

7 

7 

6 

and  technologies 

Interested  public . 

.  27 

26 

34 

31 

33 

32 

30 

Residual . 

.  67 

67 

58 

61 

60 

61 

63 

Attentive  public . 

.  9 

12 

13 

12 

11 

11 

10 

Science  and  technology 

Interested  public . 

.  37 

35 

48 

44 

42 

40 

40 

Residual . 

.  54 

54 

39 

45 

46 

49 

50 

Attentive  public . 

.  NA 

7 

7 

9 

8 

6 

5 

Space  exploration 

Interested  public . 

.  NA 

18 

20 

20 

26 

20 

17 

Residua! . 

.  NA 

75 

73 

71 

66 

74 

78 

Attentive  public . 

.  NA 

NA 

15 

NA 

8 

8 

6 

Energy/nuclear  power' 

Interested  public . 

.  NA 

NA 

25 

NA 

30 

34 

26 

Residual . 

.  NA 

NA 

61 

NA 

62 

58 

68 

Attentive  public . 

.  NA 

NA 

NA 

17 

16 

16 

17 

New  medical  discoveries 

Interested  public . 

.  NA 

NA 

NA 

51 

56 

52 

49 

Residual . 

.  NA 

NA 

NA 

32 

28 

32 

34 

Attentive  public . 

.  NA 

NA 

NA 

NA 

NA 

20 

18 

Environmental  pollution 

Interested  public . 

.  NA 

NA 

NA 

NA 

NA 

43 

41 

Residual . 

.  NA 

NA 

NA 

NA 

NA 

36 

41 

Economic  issues  and 

Attentive  public . 

.  9 

12 

19 

16 

15 

17 

19 

business  conditions 

Interested  public . 

.  26 

40 

38 

32 

33 

34 

38 

Residual . 

.  65 

48 

43 

52 

52 

50 

44 

N=  1,635 

3,195 

1,631 

2,005 

2,041 

2,033 

2,001 

NA  =  not  available 

NOTE:  Percentages  may  not  total  100  because  of  rounding. 

'In  1988. 1990.  and  1992.  respondents  were  asked  about  tbeir  Interest  in,  and  informedness  on. . .  issues  about  the  use  of  nuclear  power  to  generate  electricity.'  In 
1979  to  1985.  they  were  asked  about . .  issues  about  energy  policy.' 

SOURCES.  J.D.  Miller  and  L.K.  PHer,  Public  Attitudes  Toward  Science  and  Technology.  1979-1992,  Integrated  Codebook  {Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993),  and  unpublished  tabulations. 

See  figure  7-1 .  Science  4  Engineering  trtdicators  - 1993 
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Appendix  table  7-9. 

Public  use  of  selected  sources  of  information:  1992 


Sex,  level  of  education, 
and  attentiveness 

Newspaper 

News 

magazine 

Science 

magazine 

TV  news 

Radio 

news 

Public 

library 

N 

All  adults . 

56 

28 

Percent 

9  95 

64 

42 

2,001 

Sex 

Male . 

63 

30 

12 

95 

66 

37 

950 

Female . 

50 

26 

6 

94 

63 

46 

1,051 

Formal  education 

9  years  or  less . 

44 

8 

2 

97 

51 

21 

196 

10  or  11  years . 

51 

22 

7 

94 

58 

22 

207 

High  school  degree . 

56 

27 

9 

95 

66 

42 

1,202 

College  degree . 

59 

43 

13 

94 

67 

60 

235 

Graduafe/professional  degree . 

70 

44 

14 

94 

75 

65 

161 

Science/malh  education 

Low . 

53 

20 

7 

95 

61 

30 

1,175 

Middle . 

58 

36 

8 

95 

69 

52 

467 

High . 

62 

42 

17 

93 

69 

65 

358 

Attentiveness  to  science/technology  policy 

Attentive  public . 

76 

44 

26 

93 

63 

58 

199 

Interested  public . 

53 

29 

9 

96 

65 

41 

802 

Residual . 

54 

24 

5 

94 

64 

39 

999 

“Now,  I'd  like  to  read  you  a  short  list  of  television  shows  and  ask  you  to  tell  me  whether  you  watch  each  show  regularly— that  is,  most  of  the  time — occasionally,  or  not 
at  all.  A  morning  television  news  show?  An  evening  television  news  show?  A  late  night  television  news  show? 

“How  often  do  you  read  a  newspaper:  every  day,  a  few  times  a  week,  once  a  week,  or  less  than  once  a  week? 

"Are  there  any  magazines  that  you  read  regularly,  that  is,  most  of  the  time?  Are  there  any  others  that  you  read  occasionally? 

“On  an  average  day,  about  how  many  hours  would  you  say  that  you  listen  to  a  radio?  About  how  many  of  those  hours  are  news  reports  or  news  shows? 

“Now,  let  me  ask  you  about  your  use  of  museums,  zoos,  and  similar  institutions.  I  am  going  to  read  you  a  short  list  of  places  and  ask  you  to  tell  me  how  many  limes 
you  visited  each  type  of  place  during  the  last  year,  that  is.  the  last  12  months.  If  you  did  no!  visil  any  given  place,  just  say  none.  A  public  library:  How  many  times  did 
you  visit  it  during  the  last  year?" 

NOTES;  “Don't  know”  responses  are  not  included.  Percentages  may  not  total  100  because  of  rounding. 

SOURCES;  J.D.  Miller  and  L.K.  Piter.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago;  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  figure  7-6.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-10. 

Primary  sourcea  of  Information  about  health:  1992 


Sex,  level  of  education,  and  attentiveness 

TV 

Newspapers 

Doctors 

Magazines 

N 

All  adults . 

32 

- Percent- 

19 

14 

13 

3,111 

Sex 

Male . 

31 

22 

14 

10 

1,490 

Female . 

33 

16 

16 

15 

1,621 

Formal  education 

9  years  or  less . 

33 

7 

25 

7 

346 

10  or  11  years . 

30 

10 

25 

9 

338 

High  school  degree . 

35 

20 

12 

13 

1,818 

College  degree . 

25 

26 

9 

13 

414 

Graduate/professional  degree . 

23 

21 

12 

27 

195 

Science/math  education 

Low . 

34 

15 

17 

12 

1,743 

Middle . 

32 

23 

10 

11 

853 

High . 

22 

24 

12 

19 

515 

Attentiveness  to  scienceAechnology  policy 

Attentive  public . 

24 

14 

16 

16 

247 

Interested  public . 

32 

19 

14 

13 

1,261 

Residual . 

33 

19 

15 

12 

1,601 

‘Now,  let  me  ask  you  to  think  about  news  or  intormation  about  health  and  medicine.  What  is  your  most  important  source  of  information  about  health  and  medicine?’ 
NOTES:  'Don’t  know*  responses  are  rtot  included.  Percerttages  may  not  total  100  because  of  rounding. 

SOURCES:  J.D.  Miller  and  LK.  Piter,  Public  Attiludes  Toward  Science  and  Techrtology,  1979-1992,  Integrated  Codebook  (Chicago:  Intemationai  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1993),  and  unpubii'’'  *'<  tabuiations. 

See  figure  7-7.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-1 1 . 

Comparisons  of  public  levels  of  trust  in  news  sources  for  selected  health  issues:  1992 

Sex,  level  of  education,  and  attentiveness  A  BCDEFGN 


Percentage  with  a  high  level  of  trust 


Heart  disease 

All  adults . 

16 

46 

28 

12 

76 

54 

67 

1,483 

Sex 

Male . 

15 

45 

26 

9 

77 

58 

66 

675 

Female . 

18 

47 

31 

15 

75 

51 

67 

808 

Formal  education 

9  years  or  less . 

26 

24 

36 

25 

62 

31 

48 

172 

10  or  11  years . 

19 

50 

44 

20 

83 

44 

64 

153 

High  school  degree . 

14 

49 

25 

10 

76 

86 

68 

854 

College  degree . 

14 

48 

22 

6 

78 

64 

74 

211 

Graduate/professional  degree . 

23 

45 

31 

6 

75 

74 

84 

94 

Science/math  education 

Low . 

17 

43 

32 

15 

74 

46 

61 

816 

Middle . 

17 

55 

27 

10 

79 

59 

72 

432 

High . 

14 

42 

19 

7 

75 

74 

77 

235 

Attentiveness  to  science/technology  policy 

Attentive  public . 

15 

44 

26 

15 

80 

73 

73 

132 

Interested  public . 

17 

48 

31 

11 

72 

58 

69 

572 

Residual . 

16 

44 

27 

12 

78 

48 

64 

779 

Weight  loss 

All  adults . 

8 

27 

17 

9 

69 

39 

56 

1,628 

Sex 

Male . 

8 

26 

17 

5 

72 

38 

54 

815 

Female . 

8 

28 

18 

14 

67 

40 

58 

813 

Formal  education 

9  years  or  less . 

3 

8 

16 

13 

46 

28 

36 

174 

1 0  or  1 1  years . 

12 

15 

23 

14 

57 

19 

47 

186 

High  school  degree . 

7 

28 

18 

10 

73 

41 

58 

964 

College  degree . 

13 

42 

18 

3 

77 

46 

69 

203 

Graduate/professional  degree . 

6 

35 

4 

3 

81 

59 

67 

101 

Science/math  education 

Low . 

7 

20 

20 

12 

64 

35 

49 

927 

Middle . 

10 

31 

15 

6 

76 

42 

64 

421 

High . 

9 

43 

13 

6 

79 

49 

67 

280 

Attentiveness  to  science/technology  policy 

Attentive  public . 

12 

38 

22 

6 

71 

53 

70 

115 

Interested  public . 

11 

29 

19 

11 

75 

46 

62 

690 

Residual . 

5 

23 

16 

8 

64 

32 

49 

823 

“Earlier  we  talked  about  the  sources  from  which  you  get  your  information  about  various  issues.  Now.  I  would  like  to  ask  you  to  tell  me  how  much  confiderKe  or  trust 
you  would  have  in  various  kinds  of  information  about  heart  disease  (losing  weight).  Let  me  read  you  a  short  list  of  news  sources  that  might  include  some  information 
about  heart  disease  (losing  weight),  and,  for  each  one.  I  would  like  you  to  tell  me  if  you  have  a  high  level  of  confidence  in  information  from  that  source,  a  moderate 
level  of  confidence,  or  a  low  level  of  confidence. " 

A  =  A  story  in  your  local  newspaper 
B  =  An  article  in  Time  or  Newsweek 
C  =  A  story  on  the  evening  television  news 

D  =  A  television  talk  show  like  the  Oprah  Winfrey  Show  or  the  Phil  Donahue  Show 
E  ==  A  conversation  with  your  physician 
F  =  An  article  by  a  scientist 
G  =  A  report  from  fhe  National  Institutes  of  Health 

NOTES:  "Don’t  know"  responses  are  not  included.  Percentages  may  not  total  100  because  of  rounding. 

SOURCES:  J.D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992,  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1993).  and  unpublished  tabulations. 

See  figur”-  '  8.  Science  S  Ertgineering  Indicators  - 1993 


Appendix  table  7-12. 

Public  confidence  in  the  people  running  various  institutions:  1973-93 
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Appendix  table  7-13. 

Responses  to  and  mean  scores  on  the  Attitude  Toward  Organized  Science  Scale:  1983-82 


1983 

1985 

1988 

1990 

1992 

—Percentage  of  public- 

— 

Agree  that  “science  and  technology  are  making  our  lives  healthier. 

easier  and  more  comfortable" . 

84 

86 

87 

84 

85 

Agree  that  “the  benefits  of  science  are  greater  than  any 

harmful  effects" . 

57 

68 

76 

72 

73 

Disagree  that  “science  makes  our  way  of  life  change  too  fast" .... 

50 

53 

59 

60 

63 

Disagree  that  “we  depend  too  much  on  science  and  not  enough 

on  faith" . 

43 

39 

43 

44 

45 

All  adults . 

2.3 

2.5 

—Mean  ATOSS  score - 

2.7 

2.6 

2.7 

Sex 

Male . 

2.2 

2.4 

2.6 

2.5 

2.7 

Female . 

2.5 

2.6 

2.8 

2.8 

2.6 

Formal  education 

11  years  or  less . 

1.8 

1.8 

2.2 

1.8 

2.0 

High  school  degree . 

2.4 

2.6 

2.8 

2.7 

2.7 

College  degree . 

2.8 

3.1 

3.2 

3.2 

3.2 

Qraduate/professional  degree . 

2.9 

3.1 

3.1 

3.2 

3.3 

Attentiveness  to  science/technology  policy 

Attentive  public . 

2.6 

2.8 

3.0 

2.8 

2.9 

Interested  public . 

2.4 

2.6 

2.8 

2.7 

2.8 

Residual . 

2.1 

2.3 

2.5 

2.5 

2.5 

N  = 

1.631 

2,005 

2,041 

2,033 

2,001 

"Now  I  would  like  to  read  you  some  statements  like  those  you  might  find  in  a  newspaper  or  magazine  article.  For  each  statement,  please  tell  me  if  you  generalty 
agree  or  disagree.  It  you  feel  especially  strongly  about  a  statement,  please  tell  me  that  you  strongly  agree  or  strongly  disagree. ' 

ATOSS  =  Attitute  Toward  Organized  Science  Scale 

SOURCES:  J.D.  Miller  and  L.K,  Piter,  Public  Attitudes  Toward  Science  and  Ter^nology,  1979-1992,  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  text  table  7-2.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-14. 

International  comparisons  of  public  attitudes  toward  science  and  technology:  1992 


Region/country  ABC  DEFGN 


—  -  Percentage  agreeing 

European  Community .  83  48  19  80  54  61  55  6,418 

Belgium .  76  37  20  77  59  51  48  495 

Denmark .  86  46  17  81  19  69  62  511 

France .  84  44  14  86  49  63  48  505 

Germany .  86  48  24  75  70  60  62  1,001 

Greece .  83  63  23  86  53  61  89  500 

Ireland .  76  48  16  75  41  63  48  495 

Italy .  80  45  19  82  56  62  54  491 

Luxembourg .  76  46  24  78  57  55  59  257 

The  Netherlands .  85  44  19  84  80  50  58  479 

Portugal .  76  61  24  69  49  60  66  505 

Spain .  81  53  17  71  42  67  65  497 

United  Kingdom  .  85  49  17  83  40  61  47  674 

Japan .  NA  70  43  86  NA  40  57  1 ,457 

United  States .  84  48  39  76  38  73  38  2,001 


A  “Sc/ence  and  technology  are  making  our  lives  healthier,  easier,  and  more  comfortable.  ’ 

B  “We  depend  too  much  on  science  and  not  enough  on  faith.  ’ 

C  “On  balance,  computers  and  factory  automation  will  create  more  jobs  than  they  eliminate. ' 

D  “Even  if  it  brings  no  immediate  benefits,  scientific  research  which  advances  the  frontiers  of  knowledge  is  necessary  and  should  be  supported  by  the  government.  ~ 

E  “New  inventions  will  always  be  found  to  counteract  any  harmful  consequences  of  technological  development.  ~ 

F  “The  benefits  of  science  are  greater  than  any  harmful  effecfs. " 

G  “Science  and  technology  make  our  way  of  life  change  too  fast " 

NA  =  not  asked 

SOURCES;  Commission  of  the  European  Communities,  Europeans,  Science  and  Technology  -  Public  Understanding  and  Attitudes  [Eurobarometer  38.1)  (Brussels: 
Commission  of  the  European  Communities.  1 993).  J.O.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Sciertce  and  Technology,  1979-1992.  Integrated  Codebook 
(Chicago:  International  Center  for  the  Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1993).  and  National  Institute  of  Science  and  Technology 
Policy  (Japan),  Japan  National  Study,  1991  (Tokyo;  NISTEP,  1992). 

See  figure  7-1 4.  Science  &  Engineering  Indicators  - 1993 


Appendix  table  7-15. 

Public  attitudes  toward  scientists  and  scientific  research:  1992 


Sex,  level  of  education,  and  attentiveness 

A 

B 

C 

N 

All  adults . 

.  63 

- Percentage  agreeing - 

52 

79 

3,111 

Sex 

Male . 

.  64 

54 

78 

1,490 

Female . 

.  62 

51 

80 

1,621 

Formal  education 

9  years  or  less . 

.  44 

68 

80 

346 

10  or  11  years . 

.  68 

56 

80 

338 

High  schooi  degree . 

.  64 

54 

79 

1,818 

College  degree . 

.  67 

38 

77 

414 

Graduate/professional  degree . 

.  72 

38 

78 

195 

Science/math  education 

Low . 

.  59 

59 

80 

1,743 

Middle . 

.  66 

45 

78 

853 

High . 

.  71 

43 

76 

515 

Attentiveness  to  science/technology  policy 

Attentive  public . 

.  69 

54 

79 

247 

Interested  public . 

.  62 

50 

82 

1,261 

Residual . 

.  63 

54 

76 

1,602 

A  The  fact  that  scientists  repeat  and  check  each  other's  work  effectively  prevents  fraud  or  cheating  by  scientists.  “ 

B  “Many  scientists  make  up  or  falsify  research  results  to  advance  their  careers  or  make  money. " 

C  “Most  scientists  want  to  work  on  things  that  will  make  life  better  for  the  average  person.  ’ 

SOURCES:  J.D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992,  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  figure  7- 
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Appendix  table  7-16. 

Public  assessment  of  the  likelihood  of  certain  results  from  science  and  technology:  1992 


Sex,  level  of  education,  and  attentiveness 

A 

B 

C 

D 

E 

F 

N 

All  adults . 

26 

44 

Percentage  finding  result  very  likely 
48  45 

40 

46 

3.111 

Sex 

Male . 

29 

45 

50 

47 

43 

43 

1,490 

Female . 

22 

44 

46 

43 

38 

49 

1,621 

Formal  education 

9  years  or  less . 

37 

35 

47 

35 

35 

39 

346 

10  or  11  years . 

28 

41 

40 

42 

42 

47 

338 

High  school  degree . 

23 

44 

50 

47 

42 

50 

1,818 

College  degree . 

27 

52 

45 

47 

36 

38 

414 

Graduate/professional  degree . 

20 

53 

50 

48 

44 

43 

195 

Science/math  education 

Low . 

27 

42 

48 

45 

41 

48 

1,743 

Middle . 

22 

45 

48 

45 

39 

46 

853 

High . 

26 

52 

48 

45 

40 

41 

515 

Attentiveness  to  science/technology  policy 

Attentive  public . 

28 

54 

43 

50 

49 

38 

247 

Interested  public . 

30 

48 

51 

50 

42 

48 

1.261 

Residual . 

22 

40 

46 

40 

38 

46 

1.602 

‘Now  let  me  ask  you  to  think  about  the  long-term  future.  I  am  going  to  read  you  a  list  of  possible  results  and  ask  you  how  likely  you  think  it  is  that  each  of  these 
results  will  occur  in  the  next  25  years  or  so. ' 

A  “The  accidental  release  of  a  dangerous  manmade  organism  that  could  contaminate  the  environment. " 

B  “The  development  of  medical  technologies  that  will  extend  the  average  age  of  Americans  to  approximately  90  years. ' 

C  "A  major  nuclear  power  plant  accident. ' 

D  “A  cure  for  the  common  forms  of  cancer.  ‘ 

E  “A  vaccine  for  the  disease  AIDS. ' 

F  “A  significant  deterioration  in  the  quality  of  our  environment. " 

SOURCES;  J.D.  Miller  and  L.K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  tor  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-1 1 . 
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Appendix  table  7-1 8. 

Public  assessment  of  the  benefits/harms  of  scientific  research:  1979-92 


Sex.  level  of  education, 
and  attentiveness 

Year 

Benefits 
strongly 
exceed  harms 

Benefits 

exceed 

harms 

Benefits 

equal 

harms' 

Harms 

exceed 

benefits 

Harms 

strongly 

exceed  benefits 

N 

1979  . 

.  46 

23 

- Percent — 

21 

6 

4 

1,635 

1981 . 

.  42 

28 

13 

12 

5 

1,536 

1985  . 

.  44 

24 

13 

13 

6 

2,005 

All  adults 

1988  . 

.  53 

22 

13 

8 

4 

1,042 

1990  . 

.  47 

23 

17 

10 

3 

2,033 

1992  . 

.  42 

31 

11 

12 

5 

997 

1979  . 

.  51 

22 

17 

6 

3 

773 

1981 . 

.  48 

27 

11 

10 

5 

724 

Male 

1985  . 

.  48 

22 

11 

13 

6 

950 

1988  . 

.  56 

22 

11 

7 

4 

496 

1990  . 

.  54 

23 

10 

9 

4 

964 

1992  . 

.  45 

30 

9 

11 

5 

464 

1979  . 

.  42 

24 

25 

6 

4 

862 

1981 . 

.  37 

28 

16 

14 

5 

812 

Female 

1985  . 

.  40 

25 

15 

14 

6 

1,054 

1988  . 

.  51 

21 

5 

9 

4 

544 

1990  . 

.  40 

23 

23 

11 

3 

1,070 

1992  . 

.  40 

31 

13 

12 

4 

533 

1979  . 

.  26 

23 

36 

10 

6 

465 

1981 . 

.  26 

23 

25 

18 

9 

385 

1 1  years  or  less 

1985  . 

.  20 

21 

27 

19 

13 

507 

formal  education 

1988  . 

.  33 

24 

22 

15 

6 

293 

1990  . 

.  24 

23 

33 

16 

4 

495 

1992  . 

.  24 

33 

17 

20 

7 

215 

1979  . 

.  50 

25 

15 

5 

3 

932 

1981 . 

.  43 

31 

10 

12 

4 

886 

High  school  degree 

1985  . 

.  47 

25 

11 

13 

4 

1,143 

1988  . 

.  56 

23 

11 

6 

4 

574 

1990  . 

.  49 

25 

13 

10 

3 

1,179 

1992  . 

.  41 

32 

10 

12 

5 

579 

1979  . 

.  69 

17 

9 

2 

3 

238 

1981 . 

.  64 

22 

7 

4 

2 

264 

College  degree 

1985  . 

.  67 

22 

3 

6 

2 

349 

1988  . 

.  79 

14 

4 

2 

1 

175 

1990  . 

.  70 

18 

8 

3 

1 

359 

1992  . 

.  66 

22 

8 

3 

2 

203 

Attentive  public 

1988  . 

.  60 

26 

4 

5 

3 

81 

for  new  scientific 

1990  . 

.  61 

19 

12 

5 

3 

168 

discoveries 

1992  . 

.  48 

27 

12 

9 

4 

94 

“People  have  frequently  noted  that  scientific  research  has  produced  both  beneficial  and  harmful  consequences.  Would  you  say  that,  on  balance,  the  benefits  of 
scientific  research  have  outweighed  the  harmfuf  results,  or  have  the  harmful  results  of  scientific  research  been  greater  than  its  benefits? 

“Would  you  say  that  the  balance  has  been  strongly  in  favor  of  beneficial  results,  or  only  slightly?  Would  you  say  that  the  balance  has  been  strongly  in  favor  of  harmful 
results,  or  only  slightly?" 

NOTE:  “Don’t  know"  responses  are  not  included. 

'Offered  as  a  response  category  for  the  first  time  in  1990;  in  prior  years,  volunteered  by  respondent. 

SOURCES:  J.D,  Miller  and  L.K.  Pifer.  Public  Altitudes  Toward  Science.  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  for  the  Advancement  of 
Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993),  and  unpublished  tabulations. 

See  figure  7-13. 
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Appendix  table  7-19. 

Public  preferences  for  spending  in  the  United  States:  1981-92 


Problem  area 

Government  is  spending  .  .  . 

1981 

1983 

1985 

1988 

1990 

1992 

Exploring  space 

Too  little . 

18 

17 

9 

Percent 

17 

9 

12 

Too  much . 

43 

39 

45 

42 

52 

50 

Reducing  pollution 

Too  little . 

52 

54 

69 

76 

76 

72 

Too  much . 

14 

11 

6 

4 

5 

7 

Improving  health  care 

Too  little . 

61 

NA 

68 

68 

75 

79 

Too  much . 

6 

NA 

3 

2 

3 

5 

Scientific  research 

Too  little . 

31 

NA 

29 

34 

30 

34 

Too  much . 

18 

NA 

18 

15 

16 

19 

Improving  education 

Too  little . 

62 

’1 

73 

76 

77 

81 

Too  much . 

6 

7 

3 

4 

4 

4 

Helping  older  people 

Too  little . 

73 

NA 

72 

76 

75 

73 

Too  much . 

3 

NA 

3 

2 

2 

4 

Improving  national  defense 

Too  little . 

33 

19 

11 

11 

15 

15 

Too  much . 

26 

47 

50 

53 

40 

40 

Helping  low-income  persons 

Too  little . 

45 

NA 

54 

55 

57 

56 

Too  much . 

24 

NA 

13 

12 

15 

17 

N  =  1,659 

1.631 

2.005 

2,041 

2.033 

2,001 

We  are  faced  with  many  problems  in  this  country.  I  'm  going  to  name  some  of  these  problems,  and  for  each  one.  I'd  like  you  to  tell  me  if  you  think  that  the 
government  is  spending  too  little  money  on  it.  about  the  right  amount,  or  too  much. " 

NA  =  not  asked 

NOTE.  The  "Improving  national  defense"  question  was  asked  on  a  split  ballot  in  1988.  therefore  N  =  1.013. 

SOURCES:  J.D.  Miller  and  L  K.  Pifer,  Public  Attitudes  Toward  Science  and  Technology,  1979-92.  Integrated  Codebook  (Chicago:  International  Center  lor  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-1 5.  Science  S  Engineering  Indicators  - 1993 
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Public  knowledge  of  science  and  technology:  1992 
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Appendix  table  7-23. 

Public  knowledge  of  biomedical  topics:  1993 


Sex.  level  of  education, 
and  attentiveness 

A 

B 

C 

D 

E 

F 

G 

H 

1 

J 

N 

All  adults . 

59 

42 

77 

Percentage  answering  correctly  - 

46  82  56  41 

73 

78 

64 

3,111 

Sex 

Male . 

62 

39 

77 

44 

84 

53 

47 

73 

78 

68 

1.490 

Female . 

56 

45 

76 

48 

80 

59 

35 

72 

77 

59 

1.621 

Formal  education 

9  years  or  less . 

35 

11 

82 

21 

48 

60 

35 

44 

49 

54 

346 

10  or  11  years . 

38 

35 

83 

27 

72 

57 

28 

50 

76 

57 

338 

High  school  degree . 

62 

45 

76 

48 

86 

52 

39 

78 

81 

63 

1,818 

College  degree . 

75 

54 

72 

62 

93 

65 

52 

87 

83 

71 

414 

Grnduate/professional  degree.  .  . 

82 

62 

70 

74 

98 

76 

65 

83 

85 

84 

195 

Science/math  education 

Low . 

48 

34 

30 

38 

74 

51 

34 

64 

73 

59 

1,743 

Middle . 

68 

49 

74 

51 

89 

58 

46 

81 

83 

66 

853 

High . 

82 

59 

71 

68 

96 

70 

55 

87 

85 

76 

515 

Attentiveners  to  science/technology 

Attentive  public . 

69 

42 

72 

57 

85 

56 

51 

80 

81 

72 

247 

Interested  public . 

62 

42 

78 

44 

82 

59 

41 

69 

77 

67 

1,261 

Residual . 

55 

43 

77 

46 

81 

54 

39 

74 

77 

60 

1.602 

A  "ONA  regulates  inherited  characteristics  for  all  plants  and  animals.  "(True) 

B  ‘Human  beings  can  survive  on  almost  any  combination  of  foods,  provided  that  the  total  diet  includes  enough  calories. '  (False) 

C  “The  body  's  immune  system  protects  us  from  bacteria  as  well  as  viruses. "  (True) 

D  “Senility  is  inevitable  as  the  brain  ages  and  loses  tissue. "  (False) 

E  “All  bacteria  are  harmful  to  humans. "( False) 

F  “In  general,  to  be  effective,  a  vaccine  must  be  administered  before  an  infection  occurs. "  (True) 

G  “Human  beings,  as  we  know  them  today,  developed  from  earlier  species  of  animals. '  (True) 

H  “Intelligence  in  humans  is  related  to  the  size  of  the  brain.  ”  (False) 

I  “The  human  immune  system  has  no  defense  against  viruses. "  (False) 

J  “The  process  of  evolution  is  continuing  today. "  (True) 

SOURCES:  J.D.  Miller  and  L.K.  PIfer,  Public  Attitudes  Toward  Science  and  Technology.  1979- 1992.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences.  1993),  and  National  Institute  of  Science  and  unpublished  fabulalions. 

See  figure  7-18.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-24. 

Public  understanding  of  the  cause  of  acid  rain:  1992 


Sex,  level  uf  education, 
and  attentiveness 

Gave 

scientifically 
correct  explanation 
of  cause 

Gave 
general 
description 
of  cause 

Linked 

cause 
to  pollution 

N 

All  adults . 

8 

Percent 

5 

37 

997 

Sex 

Male . 

14 

8 

34 

464 

Female . 

2 

2 

40 

533 

Formal  education 

9  years  or  less . 

5 

2 

19 

102 

10  or  11  years . 

0 

5 

30 

113 

High  school  degree . 

7 

3 

40 

579 

College  degree . 

15 

11 

41 

130 

Graduate/professional  degree . 

18 

11 

44 

72 

Science/math  education 

Low . 

4 

4 

35 

593 

Middle . 

8 

2 

42 

224 

High . 

19 

12 

38 

180 

Attentiveness  to  science/technology 

Attentive  public . 

13 

8 

38 

94 

Interested  public . 

9 

4 

40 

385 

Residual . 

5 

4 

34 

518 

“When  you  read  or  hear  the  term  acid  rain, '  do  you  have  a  clear  understanding  of  what  it  means,  a  general  sense  of  what  it  means,  or  little  understanding  of  what  it 
means?" 


“What  do  you  believe  is  the  primary  cause  of  acid  rain?'  (Asked  if  respondents  said  they  had  a  clear  or  general  understanding  of  acid  rain.) 

SOURCES:  J.D.  Miller  and  L.K.  Pifer.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  lor  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  figure  7-1 9,  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-25. 

Public  understanding  of  the  ozone  layer:  1992 


Sex,  level  of  education.  Understood 

and  attentiveness  thinning  Knew  location  Knew  harms  N 


Percent 

All  adults .  26  7  42  997 

Sex 

Male .  31  10  50  464 

Female .  21  4  35  533 


Formal  education 

9  years  or  less . 

10  or  11  years . 

High  school  degree . 

College  degree . 

Graduate/professional  degree 

Science/math  education 


Low .  20  5  35  593 

Middle .  29  7  46  224 

High .  41  16  57  180 


Attentiveness  to  science/technology  policy 

Attentive  public . 

Interested  public . 

Residual . 

“Please  tell  me.  in  your  own  words,  why  there  is  a  hole  in  the  ozone  layer? 

"Do  you  know  where  the  hole  is  located?  Where  is  it  located? 

"So  far  as  you  know,  are  there  any  harms  or  dangers  that  might  result  from  a  hole  in  the  ozone  layer?" 

SOURCES:  J.D.  Miller  and  L.K.  Piter.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Inlegrated  Codebook  (Chicago:  International  Center  tor  the 
Advancement  of  Scientific  Literacy,  Chicago  Academy  of  Sciences,  1993),  and  unpublished  tabulations. 

See  figure  7-19. 


51 

14 

60 

94 

28 

7 

45 

385 

20 

6 

36 

518 

10 

2 

27 

102 

26 

2 

30 

113 

24 

6 

40 

579 

37 

15 

61 

130 

44 

14 

56 

72 
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Appendix  table  7-26. 

Public  knowledge  of  selected  environmental  concepts;  1992 


Sex,  level  of  education, 
and  attentiveness 

Hole  in 

ozone  layer  can 
cause  skin  cancer 

Greenhouse 
effect  can  raise 
sea  level 

Acid  rain 
causes  damage 
to  forests 

Car  emissions 
are  not  related 
to  acid  rain 

N 

All  adults . 

73 

Percentage  agreeing 

45  89 

16 

1,004 

Sex 

Male . 

72 

54 

91 

16 

486 

Female . 

75 

37 

87 

16 

518 

Formal  education 

9  years  or  less . 

62 

43 

82 

20 

94 

1 0  or  1 1  years . 

68 

40 

82 

17 

94 

High  school  degree . 

76 

42 

90 

16 

623 

College  degree . 

69 

55 

92 

13 

104 

Graduate/professional  degree . 

75 

60 

95 

13 

89 

Science/math  education 

Low . 

71 

41 

86 

17 

582 

Middle . 

77 

43 

92 

15 

244 

High . 

77 

60 

95 

12 

178 

Attentiveness  to  science/technology  policy 

Attentive  public . 

68 

61 

84 

17 

105 

Interested  public . 

71 

45 

91 

18 

417 

Residual . 

76 

41 

88 

14 

481 

"Could  you  please  tell  me  il  you  think  the  following  statements  are  true  or  false?"  (All  statements  are  true. ) 

SOURCES:  J.D,  Miller  and  L  K  Piter.  Public  Attitudes  Toward  Science  and  Technology.  1979-1992.  Integrated  Codebook  (Chicago:  International  Center  for  the 
Advancement  of  Scientific  Literacy.  Chicago  Academy  of  Sciences.  1993).  and  unpublished  tabulations. 

See  figure  7-19. 
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Appendix  table  7-27. 

Understanding  of  selected  scientific  concepts  by  high  school  seniors:  1990  and  1993 


Concept 

Response 

1990 

Seniors 

1993 

Human  beings,  as  we  know  them  today,  developed 

Agree . 

.  39 

Percent 

33 

from  earlier  species  of  animals. 

Disagree . 

.  24 

24 

Undecided . 

.  37 

43 

Smoking  causes  serious  health  problems. 

Agree . 

.  80 

75 

Disagree . 

.  4 

3 

Undecided . 

.  16 

23 

In  the  entire  universe,  it  is  likely  that  there 

Agree . 

.  47 

44 

are  thousands  of  planets  like  our  own  on  which 

Disagree . 

.  9 

8 

life  could  have  developed. 

Undecided . 

.  44 

48 

The  continents  on  which  we  live  have  been  moving 

Agree . 

.  63 

57 

their  location  for  millions  of  years  and  will 

Disagree . 

.  5 

4 

continue  to  move  in  the  future. 

Undecided . 

.  32 

39 

Some  numbers  are  especially  lucky  for  me. 

Agree . 

.  22 

26 

Disagree . 

.  44 

37 

Undecided . 

.  34 

37 

A  scientific  theory  is  a  scientist's  best 

Agree . 

.  64 

61 

understanding  of  how  something  works. 

Disagree . 

.  7 

7 

Undecided . 

.  29 

32 

All  scientific  theories  change  from  time  to 

Agree . 

.  70 

64 

time  as  scientists  improve  their  understanding 

Disagree . 

.  4 

4 

of  nature. 

Undecided . 

.  26 

32 

N=  1,751 

1,650 

SOURCE;  J  D.  MKfer  and  L.K.  Pifer.  Longitudinal  Study  of  American  Youth  (DeKalb,  IL;  Social  Science  Research  Institute,  Northern  Illinois  University,  1993).  special 
tabulations. 

See  figure  7-20.  Science  S  Engineering  Indicators  - 1993 
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Appendix  table  7-28. 

Attitudes  toward  science  and  technoiogy  among  high  school  seniors:  1990  and  1993 


Seniors 


Statement 

Response 

1990 

1993 

Scientific  invention  is  largely  responsible  for 

Agree . 

.  68 

Percent - 

62 

our  standard  of  living  in  the  United  States. 

Disagree . 

.  3 

3 

Undecided . 

.  29 

35 

Overall,  science  and  technology  have  caused  more 

Agree . 

.  47 

44 

good  than  harm. 

Disagree . 

.  19 

19 

Undecided . 

.  34 

37 

On  balance,  computers  and  factory  automation 

Agree . 

.  33 

26 

will  create  more  jobs  than  they  will  eliminate. 

Disagree . 

.  18 

22 

Undecided . 

.  49 

52 

One  trouble  with  science  is  that  it  makes  our 

Agree . 

.  26 

24 

way  of  life  change  too  fast. 

Disagree . 

.  33 

31 

Undecided . 

.  41 

45 

New  inventions  will  always  be  found  to  counteract 

Agree . 

.  32 

25 

any  harmful  consequences  of  technological 

Disagree . 

.  20 

20 

development. 

Undecided . 

.  48 

55 

In  this  complicated  world  of  ours,  the  only  way 

Agree . 

.  33 

28 

we  can  know  what  is  going  on  is  to  rely  on 

Disagree . 

.  29 

28 

leaders  and  experts  who  can  be  trusted. 

Undecided . 

.  38 

44 

Scientific  researchers  are  dedicated  people 

Agree . 

.  52 

43 

who  work  for  the  good  of  humanity. 

Disagree . 

.  7 

9 

Undecided . 

.  41 

48 

Because  of  their  knowledge,  scientific 

Agree . 

.  27 

26 

researchers  have  a  power  that  makes  them 

Disagree . 

.  32 

30 

dangerous. 

Undecided . 

.  41 

44 

N=  1,751 

1,650 

SOURCE:  J.D.  Milierand  L.K.  Piter.  Longitudinal  Study  of  American  Touf/J  (DeKalb,  IL:  Social  Science  Research  Institute,  Northern  Illinois  University,  1993),  special 
tabulations. 

See  figure  7-21 .  Science  S  Engineering  Indicators  - 1993 
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American  Indians.  See  Native. Americans 
Applied  research,  defined.  94 
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proportions  of  doctoral  S&E  workforce,  81 
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Attitude  Toward  Organized  Science  Scale 
(ATOSS),  203. 484 
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assessment  of  scientific  research,  206, 485 
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scientific  term  and  concept  knowledge, 
208, 492 

Biological  sciences 
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Biology 

minority  representation  among  freshmen, 
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representation  in  S&E)  labor  force,  82.  322 
Brazil 
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support,  106,  379 
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Carnegie  classification,  38»i,  40 
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exchange  of  industrial  processes,  168, 450 
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employment  rates,  72 
manufacturing  jobs,  62, 301-303 
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competitiveness  assessment.  IHH,  IHtI, 
UK).  471 
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Civil  engineering 
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employment  rates,  72 
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R&D 
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congressional  earmarking  to.  139 
federal  nondefense  research  funding.  112. 
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Computer  sciences 
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reporting  federal  supixtrt,  149. 418 
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expenditures  for  research  equipment  at 
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federal  obligations  for  research.  112. 
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unemployment  rate's,  71. 316 
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37.  252 


Defense.  Department  of  (DOD) 
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diK-toral,  39, 40.  .50-51. 255-256, 284-287 
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first 
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assessment  of  scientific  research.  206. 

485 

inlormedness  on  scientific  issui's.  200, 
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scientific  term  and  concept  knowledge. 
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Doctoral  di-grees.  See  Degrees,  doctoral 
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employment  rates.  72 
manufacturing  jobs,  62,  301-303 
minorities  as  a  proportion  of  dtx'toral  S&E 
workforce,  81 

women  as  a  proportion  of  doctoral  S&Ei 
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Elementary  education.  See  Education, 
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neering  (S&E),  workforce 
Energy.  Department  of  (DOE) 
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as  a  proportion  of  doctoral  S&E  work¬ 
force,  81 

representation  among  fi'eshmen,  44, 264 
nature  of  engineering  research  at  U.S. 
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women  in  academic  R&D,  144-145,  146, 
406,410-411 
employment 
by  gender,  79, 321 
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in-field,  71, 72 

manufacturing,  62-63, 301-303 
nonmanufacturing,  64, 304-306 
immigrant 
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reporting  multiple  federal  agency  sup¬ 
port,  150, 420 
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440-446 

Exports  share  of  total  manufacturing  produc¬ 
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dents,  26 


Faculty.  See  Teachers 

Far  East,  immigrant  scientists  and  engineers 
from.  82,  323-324 

FCCSET  (Federal  Coordinating  Council  (or 
Science,  Engineering,  and  Technology). 
108-110,  113, 359 

Federal  academic  research  funding  by  mode 
of  support.  140, 358 


Science  &  Engineering  Indicators  -  1993 


Federal  Coordinating  Council  for  Science. 
Engineering,  and  Technology  (FCC- 
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by  agency,  104-112,  138-140,  340-357, 
400-402 

by  field.  112,  351-354 

cross-cutting  initiatives,  108-110, 113,  359 

defense-related  issues.  110-116,  356-357 

DOD,  104,  107,  108,  109,  111,  340-346. 
349-350,  355-357 

DOE.  104,  107,  108,  109,  111,  340-346, 
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U.S.  patents  granted  to,  172,  455 
R&D 

as  a  percentage  of  GDP,  101.  375-376 
employment  by  affiliates  of  U.S.  compa¬ 
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awarded  to  nonresident  inventors,  176, 
177. 455,  464-465 
genetic  engineering,  181, 182,  467 
optical  fibers,  183,  184, 468 
robot  technology,  179,  180,  466 
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Health  and  Human  Services.  Department  of 
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funding  for  FCCSEI'  initiatives,  1 13,  359 
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340-346,  349,  355 
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HHS.  See  Health  and  Human  Services, 
Department  of  (HHS) 

High-technology  industries 
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import  penetTiuion,  165-167,  440-448 
importance  of  high-tech  producbon,  159-160, 
440-446 

leading  indicators  of  national  competitive¬ 
ness,  186-190,  471 
OECD,  159, 160,  440-446 
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standardized  tests  and,  28 
proportions  of  doctoral  S&E  workforce,  81 
representadon  in  S&E  labor  force,  82,  322 
Hong  Kong,  competitiveness  assessment, 
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Human  resources.  See  Science  and  engineer¬ 
ing  (S&E),  workforce 
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social  sciences  first  degrees  awarded  in,  37, 
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Independent  Research  and  Development 
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patents  awarded  to  nonresident  inventors, 
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social  sciences  first  degrees  awarded  in. 
37,  252 

students  in  U.S,  universities,  53 
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degrees,  bachelors,  by  gender,  80 
employment  rates.  72 
manufacturing  jobs.  62.  301-303 
Industrial  R&D 

expenditures  by  source,  1 17,  33 1-.?'),'2 
funding  by  souw  and  industry.  1 19, 369-374 
international  comparisons.  168-171, 451-454 
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support  of  R&D  at  specific  academic  insti¬ 
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U.S.  industry  overseas,  123-124,  380-.382 
Industrial  science  and  engineering  (S&E) 
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Industrial  support  of  R&D  at  specific  aca¬ 
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Industry-government  interactions.  117-120, 
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Industry  linkages  for  R&D 
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industry-industry  partnerships,  122-127, 
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Informedness  on  S&T  issues.  196,  198-199, 
200, 475-477 
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achievement,  16-17 
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R&D.  97-101, 103-104. 106, 375-379 
industrial,  156-157, 168-171.  451-454 
S&E  workforce.  84-85. 325-328 
S&T  benefits  and  costs.  205-206, 485 
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International  strategic  technologv’  alliances, 
123.  383 

Inventions,  patented.  See  Patents 
IR&D  (Independent  Research  and  Develop¬ 
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477 
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scientific  term  and  concept  knowledge, 
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expenditures.  100,  377-378 
industrial.  169 
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performed  for  affiliafes  of  U.S.  compa¬ 
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portion  of  industrial  R&D  financed  from 
foreign  sources.  126,  383 
ratio  of  R&D  scientists  and  engineers  to 
workers  in  the  general  labor  force,  84, 
328 
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scientific  term  and  concept  knowledge. 
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social  sciences  first  degrees  awarded  in, 
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high-tech  exports,  163, 440-446 
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165. 440-446 
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interest  in  scientific  issues.  199, 474 
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awarded  to  nonresident  inventors.  176, 
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robot  technology.  179, 180, 466 
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174,  175. 457 
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R&D  Japan  (Cont.) 

facilities  located  in  the  U.S.,  127 
industrial.  169, 170-171,  452 
nondefense,  as  a  percentage  of  U.S. 
spending,  101. 376 

performed  for  affiliates  of  U.S.  compa¬ 
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performed  in  the  U.S.  by  affiliates  of 
companies  in,  126 

portion  of  industrial  R&D  financed  from 
foreign  sources,  126.  383 
ratio  of  R&D  scientists  and  engineers  to 
workers  in  the  general  labor  force.  84, 
328 

support,  106. 379 

ratio  of  exports  to  production  for  all  manu¬ 
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trial  processes,  168, 450 
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37, 252 
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technical  education  in,  46 
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123,  383 

Japan  National  Study,  1991, 198 
Japan-United  States  corporate  technology 
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Jobs  in  science  and  engineering.  See  Science 
and  engineering  (S&E),  workforce 


Korea.  See  South  Korea 


Labor  force  in  S&E.  See  Science  and  engi¬ 
neering  (S&E),  workforce 
I.atin  America 

precollege  students,  SAT  math  scores,  15, 
244 
R&D 

performed  for  affiliates  of  U.S.  compa¬ 
nies  in.  125 

performed  in  the  U.S.  by  affiliates  of 
companies  in,  126 
Lawyers 

employed  full  time,  70, 312 
employment  by  gender,  79, 321 
median  annual  salaries,  74, 317 
License  arrangements,  university  income 
from,  153 
Life  sciences 

academic  doctoral  researchers 
by  number  of  years  since  doctorate,  147, 

413 

reporting  federal  support,  149,  419 
reporting  multiple  federal  agency  sup¬ 
port,  150,  420 

average  annual  growth  rates  of  employed 
doctoral  scientists  and  engineers,  145, 

406 

doctoral  unemployment,  underemployment, 
and  employment  rates,  75 
employment  rates,  72 
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expenditures  for  research  equipment  at 
academic  institutions,  142, 404-405 
federal  obligations  for  research,  112, 
351-354 

internationally  coauthored  articles  as  a 
percentage  of  all  articles,  151, 426 
minorities  as  a  proportion  of  doctoral  S&E 
workforce.  81 

number  of  institutions  receiving  federal 
R&D  support,  139. 402 
women  as  a  proportion  of  doctoral  S&E 
workforce,  81 
Life  scientists 

employment  by  gender.  79.  32 1 
federal  employment,  65. 307 
Literature 

U.S.  and  world  publications  in  biology  and 
biomedical  research,  152,  421 
world  literature  in  key  journals,  149, 151-152, 
421-429 

Longitudinal  Study  of  American  Youth  (LSAY), 
10, 12, 14, 210-212 
Luxembourg 

assessment  of  scientific  research,  206, 
485 

informedness  on  scientific  issues,  200, 

477 

interest  in  scientific  issues,  199,  474 
scientific  term  and  concept  knowledge, 
208, 492 


Malaysia,  competitiveness  assessment,  188, 
189, 190, 471 

Manufacturing  employment,  62-64, 301-303 
Market  exchange  rates  (MERs;,  98. 99. 330 
Markets.  See  Global  marketplace 
Masters  degrees.  See  Degrees,  masters 
Materials  engineering 
doctoral  unemployment  underemployment, 
and  employment  rates,  75 
employment  rates,  72 
minorities  as  a  proportion  of  doctoral  S&E 
workforce,  81 

women  as  a  proportion  of  doctoral  S&E 
workforce,  81 
Mathematical  sciences 
academic  R&D  expenditures,  137, 397-398 
average  annual  growth  rates  of  employed 
doctoral  scientists  and  engineers,  145, 
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degrees,  bachelors,  47, 48, 272-273 
employment  rates,  72 
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academic  institutions,  142,  404-405 
Mathematical  scientists 
employed  full  time.  70, 312 
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academic  doctoral  researchers 
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average  annual  salary  offers  to  doctoral 
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degrees 

associate,  47.  271 
bachelors.  47. 48. 272-273 
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foreign  students  in  graduate  programs,  52, 
279, 287 
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45.  265-266 
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achievement  in  1992, 9-10, 236-239 
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computer  use  and,  22-23 
highlights,  2-3 

improvements  in  assessing  achievement 
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international  comparisons  of  achievement 
16-17 

NAEP  trends.  4-7,  28, 223-239 
SAT  scores,  14-16,  240-246 
student  attitudes  toward,  12-14 
student  persistence  in  courses,  10-12 
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workforce,  81 
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ment  and  employment  rates.  75 
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minorities  as  a  proportion  of  doctoral  S&E 
workforce,  81 

women  as  a  proportion  of  doctoral  S&E 
workforce,  81 
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Medical  science,  academic  R&D  expendi¬ 
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Mentoring  of  precollege  students,  25 
MKRs  (market  exchange  rates).  98, 99.  330 
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NS&E  first  degrees  awarded  in,  37,  251 
patents  awarded  to  nonresident  inventors, 
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R&D  performed  for  affiliates  of  U.S.  com¬ 
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social  sciences  first  degrees  awarded  in, 
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performed  in  the  U.S.  by  affiliates  of 
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funding  for  FCCSET  initiatives,  113, 359 
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National  Assessment  of  Educational 
Progress  (NAEP).  4-7,  28.  223-239 
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National  Competitiveness  Technology  Trans¬ 
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National  Cooperative  Research  Act  (NCRA) 
of  1984, 122 
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National  Institutes  of  Health  (NIH) 
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National  Science  Foundation  (NSF) 
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funding  for  FCCSET  initiatives,  113, 359 
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academic  employment  and  R&D  involve¬ 
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